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EXPERIMENTS UPON FORGED IRON BEAMS.* 


The first portion of this valuable paper 
was devoted to a description of an iron 
shield to an experimental casemate at 
Fort Monroe, with the result of some 
firings in October, 1868, at which time the 
shield was employed as a target. 

The standards forming the backing to 
the target were wrought-iron uprights 
having a section of 12 by 15 in. 

From the character and extent of the 
rupture under the heavy firing, it was im- 
possible to estimate what amount of re- 
sistance the standards had really offered 
to bending or breaking. It was gener- 
ally believed to have been much less than 
formula, founded upon assumed elastic 
extension of the fibses, would authorize us 
to assign them. Experienced iron manu- 
facturers suggested that the highly crys- 
talline appearance of the surfaces of frac- 
ture was caused by the instantaneousness 
of the rupture ; others believed that it 
was common to all large forgings, and 
created during the slow cooling from 
welding heat ; while still others attributed 
it to bad workmanship. 

It was thought that it would be instruc- 
tive to break one or more of these beams 
under the slow pressure of a hydraulic 
press. For that purpose, two were 
brought from Fort Monroe to the Brook- 
lyn Navy Yard, one of which was the only 
sound one remaining in the casemate 





*From a paper read before the American Society of Civil 
Engineers, February 7, 1870, by Brevet Major-General J. G. 
Barnard, U. 8, Corps of Engineers, Member of the Society. 
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shield ; the other came from the “open 
embrasure ” target. 

The composition of the iron, and its 
conversion into bars for forging, are thus 
described by the manufacturer : 

* * * * * * 

“The iron was made of the following 
brands of pig-iron: Three-fourths Lake 
Superior charcoal, made by the Morgan 
Iron Company, at their old furnace near 
Marquette, Michigan. The blast, I sup- 
pose, ought to be called warm. The in- 
tensely hot blast now in use had not been 
introduced into that region at the time 
this iron was purchased, several years 
ago. 

“The other one-fourth was of anthra- 
cite hot-blast iron, made at the Donegal 
furnace, in the Juniata region, Penn. 
I adopted this mixture of metals, as we 
found, after numerous trials of other 
irons, this to be the best for making 
blooms, of which to make galvanized iron. 
This requires a most superior iron, soft 
and malleable when cold. These quali- 
ties I judged were most desirable for ar- 
mor plating. 

* * * * * * * 

“ The pig-iron is converted into wrought- 
iron by the usual method of puddling or 
boiling—from the furnace taken to the 
squeezers and formed into a lump, and 
then at the same heat rolled into bars of 
% in. to 1 in. in thickness, and 4, 6, and 
8 in. wide. 

* * * * * * * 
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“The bars thus formed were forged to- 
gether into the beams under a 4-ton 
moving cylinder (Condie) hammer falling 
5 ft. 9 in.” 

* * * * * * * 

The diagram and following table will 

give the facts of the first experiment : 





> 
Flexure 
in 


inches. 


Tons 
| of 2,000 Ibs. 
pressure, 





430 
500 
553 
584 
584 
597 
599. 
645 
645. 
645. 
| 661 
| 676 
| 676 
| 692 
| 707 
| 707 
| 

| 

| 

| 


or ph ko cnkn teh keep 


Two small cracks noticed 
on the face of the beam, 
at top,right of fulcrum. 





| 


ofa 


738 
753 
769 
784 
799 
799.8 


{ Broke across, as shown in 
| sketch, the fracture 
{ being highly crystalline 
| —the crystals being 
| largest in the centre. 
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The first recorded flexure of } in. gives 
a calculated strain per square inch of the 
upper external fibres 36,792 lbs.; an 
elongation of the same of .00382 ; anda 
corresponding coefficient of elasticity of 
9,558,600 lbs. (for inch unit). 

The seventh entry in the table shows a 
flexure of one inch under a pressure of 600 
tons. 


The corresponding tension of outer 
i 51,508 Ibs. 
The corresponding extension of 

outer fibre is 
The corresponding coefficient of 

elasticity is 3,334,511 * 


The last entry but one shows a flexure 
of three inches under a pressure of 800 
tons, for which we have : 

Tension per square inch of outer 


Extension of outer fibres 
Corresponding coefficient of elas- 
1,482,000 * 


* The experiments were conducte d by Brig.-Gen. C. B. Reese, 
U. S&S Corps of Enginvers. 





‘ 


The flexure of 3} inches produced rup- 
ture without any indication of increased 
pressure; and it will be observed that 
there are several stages in which the flex- 
ure thus increases. The press worked 
slowly—was frequently stopped (the 
whole time of experiment being 15 to 20 
minutes), and when stopped the pressure 
became relaxed. On renewing it the flex- 
ure increased before the pressure gauge 
regained its lost elevation. Time had, 
perhaps, considerable to do in producing 
so great a flexure of the iron. Neverthe- 
less, the strength of the iron is very great; 
and, for so large a beam, the extension of 
fibre is extraordinary. 

The “ permanent set ” extended only 15 
inches each way, from the place of frac- 
ture. At the limit of “set” the strain 
was equal to what would be produced at 
the middle point by a load of 400 tons, 
multiplied by = aa == 242 tons. This 
weight is about a mean between those 
required to produce deflexions of } and 
4 aninch. It corresponds to a strain on 
the external fibres of 41,391 lbs., and an 
elongation in .005. But a remarkable 
feature in the “ permanent set” is exhib- 
ited in the cross section. The base is per- 
manently expanded } an inch, while the 
top is contracted or shortened } of an 
inch, by which the section of fracture has 
acquired a trapezoidal figure; a strong col- 
lateral proof of the ductility and tough- 
ness of the iron. 

It must be borne in mind, however, that 
the above calculations suppose that, at 
the same moment, the coefficient of elas- 
ticity is uniform throughout the beam. 
We see, however, that the coefficient rap- 
idly diminishes as the extension increases, 
and hence it must be very much less in 
the more extended outer fibres than in 
those near the neutralaxis. Moreover, it 
is probable that it does not so decrease 
for increased compression; and hence the 
neutral axis will fall below the middle of 
the beam. This last effect is indicated, 
too, by the change in the section; the area 
of the portion below the middle line 
becoming about yy larger than that 
above it. The above figures for break- 
ing tension must, from all these causes, 
be somewhat too high. 

On the 25th of May the second beam 
was subjected to the same test. It was 
manufactured about six months earlier 
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than the one first described, but there is 
no known difference in the material or 
process of manufacture. The statement 
herewith, will give the particulars of the 
experiment. Though the breaking pres- 
sure proved to be identically the same as 


before, the flexure was but 1 inch instead | 
| the beams—one of which was heated and 


of 3} inches. That is to say, the tensile 
strength was as before, 68,450 Ibs. per 
square inch; but this corresponded to 
an “elongation” of fibre but 0.0154, 
while the coefficient of elasticity was 
5,446,000 instead of 3,334,511 Ibs., the co- 
efficient furnished by a corresponding ex- 
tension in the first beam. No “perma- 
nent set” either in figure or cross section 
was observed. In this case there was no 
stoppage of the force pump, ani the 
power was applied as rapidly as possible, 
the rupture taking place in about 2} 
minutes. 








Flexure Tons 
i pressure 
(of 2,000 Ibs.) 








615 
707 
767 
799 Broke across, as shown 
in sketch; the fracture 
being highly crystalline. 











In this experiment the pressure was 
applied as rapidly as possible, and the 
beam broke in about 2} minutes after 
commencing the experiment. 

In all cases, whether the beams were 
broken by the intantaneous shock of the 
projectile, or by the comparatively slowly 


applied pressure of the press, the fracture | 


was throughout highly crystalline. I do 
not think that there is any decided dis- 
tinction between the results of the two 
processes. In the last beam broken the 
cleavage surface of the crystals was 
larger and the fracture more ragged than 
in the first. Around the outer margins 
of both, the fractured surfaces were much 
finer-grained (approximating in the first 
beam to the appearance of very coarse 
sand-paper) than at the central portions. 
The largest cleavage surfaces may be } to 
} square inch in area—though such are 
rare. The second beam, more highly 
crystalline than the first, had less ductility 








(i.e, was more brittle), yet its breaking 
strain was not impaired. 

As the foregoing calculations could not, 
for the reasons stated, be implicitly relied 
on, it was important to determine the 
tensile strength by direct experiments. 
Two specimens were taken from each of 


hammered, and drawn down to proper 
size—the others tested just as they came 
from the beam. (These last were taken 
from the central and most crystalline 
portion of the forgings.) The results 
are as follows : 

Tensile Strength. 
No. 1. First beam, reworked specimen, 63 413 lbs, 
No. 2. Second beam ‘* as 67.846 * 
No. 3. First beam, unworked 53.953 ** 
No, 4. Second beam ‘ - 57.786 ** 

The fracture of No. 1 was what is called 
“fibrous,” that is, fine-grained and dark, 
when looked at directly, but lustrous un- 
der certain lights, and what is usually 
considered as indicating a superior 
iron. 

The central part of No. 2 (say about 
one-third) had the same appearance as 
No. 1, though inferior ; all the rest, say 
two-thirds of the surface, was highly 
crystalline, and not finer-grained than 
some parts of the fracture of the original 
beam. 

Of No. 3, the fracture was very similar 
to that of No. 1, though less lustrous. 

The fracture of No. 4 exhibited over a 
segment comprising about one-third of 
the circular area, a fine-grained fracture, 
but darker, and destitute of lustre ; the 
rest of the surface was highly crystalline, 
yet less coarsely grained, if there was a 
difference, than the crystalline parts of 
No. 3. 

It is to be observed that the real tensile 
strength of the iron in the beam (as given 
in Nos. 3 and 4) was in the one case 20, 
in the other 15 per cent. less than that 
deduced from calculation ; that the pro- 
cess of reworking gives about an equal 
increment in the two cases. The differ- 
ence in the two beams may be owing to 
variations in the character of pig-iron 
coming from the same sources, or from 
varying time and heat in the forgings. 

The tensile strength exhibited by these 
beams was above the average for wrought- 
iron in bars, while the reworked speci- 
mens are equal to the average of a large 
number of specimens of Burden iron, and 
approach in strength the best irons 
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known, as will be seen from the following 


figures : 
Major Wade gives (1845) strength of 
different irons thus : 


Russian iron (in flat bars)... 62.644 lbs, per sq. in. 

Bankes’ (English) - 56.532 a 

Low Moor - ... 56.103 

Bridgewater (Am.) iron... 48.488 lbs. per sq. in. 
as es 49.338 ” 


itd 


Salisbury iron is given by 
Prof. W. R. Johnston at... 58.009 
And charcoal refined Lake 
Superior at 


The Ordnance Manual gives for-— 


Bar iron 
Salisbury iron 
Swedish iron 


e 


Kirkaldy says: The breaking strain 
per square inch of wrought-iron is gener- 
ally stated to be about 25 tons for bars 
and 20 tons for plates. This corresponds 
very nearly with the writer’s experiments, 
of which the following table presents a 
condensed summary : 











ia isin td caansiasdmedewieveawas 


2 angle-iron, etc 
167 plates, lengthways 
ee QR vcGeecicesctanen Sbbeeseene 


Highest. 


Lbs, 
68.848 
63.715 
62.544 
siesccumsaeceeaa | 60.756 


57.555 
54.729 
50.737 
46.171 


eee eee reese eearee 








The extension, especially of the first | 


beam (one-twentieth, nearly), though far 
beneath that sometimes exhibited by 
small rods or wires, is very remarkable, 
when the dimensions of the forgings and 
the highly crystalline structure of the iron 
are considered. 

It is highly probable that so great ex- 
tension of fibre as these experiments de- 


veloped did not take place in the beams | 


ruptured by the firings. Though identi- 
cal with the experimental beams in com- 
position and manner of fabric, not the 
slightest trace of “set,” so strikingly ex- 
hibited by the first beam, could be ob- 
served in them. That the forgings were 
excellent may be inferred from the ab- 
sence of appearances of seams or flaws in 
the fractures, and from the rupture oc- 
curring exactly at the middle point. The 
engineers and master mechanics of the 
Navy Yard, and other experienced opera- 
tors in iron, regarded them as “ of most 
excellent quality of workmanship, having 
the clearest and most solid appearance of 
any bars they had seen.” 

The results show neither high tensile 
strength nor a considerable ductility to be 
incompatible with the process of “ forg- 
ing” in large masses ; and that iron of a 
highly crystalline structure (the usual re- 
sult of such forging) may possess these 
qualities ; that, in common with iron so 
prepared as to possess the maximum of 
ductility, it does not exhibit that qualit 
to its full extent when the rupturing shoc 
is Instantaneous. 


Hence the iron supports of shields 
should be of such a character (e. g. built- 
up beams) that the necessary yielding may 
take place by warping rather than exten- 
sion of fibre ; or, on the other haud, should 
be such as to involve no extension whatever 
—the target, by means of arched backing 
or something of the kind, being made per- 
|fectly rigid and the shot made to expend 
all its work, instead of at least nine-tenths 
(as it inevitably must do), upon the inden- 
tation. 

On the 14th of August a beam of the sam 
dimensions, cast vertically, from the same 
pig-irons, in the same proportions, and 
allowed to remain in the mould until 
thoroughly cool, was broken in the press. 

The results were as follows : 
EE ree Pressure, = tons. 

“ec ss “ 6 7 “ 
At which flexure the beam broke. 

From whence by calculation we should get for a 

flexure of } in. : 


Tension per sq. 
Extension of ab 


And for a flexure of 3 in.: 

Tension of outer fibre (that of rupture) 23.615 Ibs, 
Extension of fibre 00.53 * 

A specimen of iron from this beam was 
tested for tensile strength and found to 
have 16.067 Ibs., or about 33 per cent. less 
than deduced above. 

It was believed that better results might 
be obtained, and the iron was remelted in 
a reverberatory furnace, 44 hours being 
occupied in the melting, the casting re- 
maining 3 days in the mould. 


in. of outer fibres, . .... 15.640 lbs. 
re, 00 





This recast beam broke with a pressure 
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of 384 tons, with a flexure of 1’; in., which 
would give a calculated tensile strength 
of 32,850 lbs. A specimen of the iron 
of this beam was then tested for ten- 
sile strength ; the result was 17,140 lbs. per 
sq. in., or not much over 50 per cent. of 
that which was obtained by calculation 
based on transverse strength. 

A remark is here necessary in explana- 
tion of preceding calculations. The Ord- 
nance Manual, p. 436, gives the following 
expression (to be found in all works on 
the strength of materials) for the break- 
ing weight of a rectangular beam sup- 
ported at both ends and loaded in the 
middle : 


w=4 a 


in which Wis the required weight, / the 
distance between the supports, b and d the 
horizontal and vertical dimensions of the 
section. If the law of elasticity upon 
which the theory is based held good, that 
is if the “co-efficient of elasticity” re- 
mained constant for all degrees of exten- 
sion and was identically the same for com- 
pression, the co-efficient S would be one- 
sixth the tensile strength of the material. As 
it is the outer and upper fibres only which 
are extended to rupture when the beam 
gives way, we should therefore have, call- 
ing T the tensile of those fibres, or of the 


material: 
l 


bd? 

More generally if W’ is any weight (/ess 
than the breaking weight W), supported 
at the middle, and R the tensile strain 
thus produced upon the outer fibres, we 
should have 


T=-W 
2 


l 

bd? 

It is thus that I have calculated the “ ten- 
sion of outer fibre” for different stages of 
the experiments—there being, in fact, no 
other way. Ihave already remarked upon 
the inaccuracy of this calculation when 
it is applied to great extensions or to 
strains approaching rupture. In fact, the 
assumptions of constancy in the coeffi- 
cient of elasticity and of its identity for 
compression and extension, however con- 
venient, are well known to be in opposi- 
tion to the results of experiment. In 
Morin’s Table (p. 8, “ Resistance de Ma- 
teriaux”) the coefficient of extension for 
wrought-iron is, at the state approaching 


—3 yw 
R=, W 





rupture, but about 54 of what it is at the 
beginning.* On the other hand, the co- 
efficients for compression and extension 
are not identical. Hence, as the fibres 
along the section of rupture are in all 
stages of extension, from a maximum at 
the upper fibre down to. zero at the neu- 
tral axis, and thence have increasing de- 
grees of compression to the lower surface, 
such formula can give but inaccurate re- 
sults. Nor can they approach to much 
accuracy when the co-efficient, S, as ap- 
plied to breaking strains, is determined 
by experiments ; for the results are ex- 
tremely variable, depending on the char- 
acter of the iron and the form of the sec- 
tion. In the three instances given in the 
Ordnance Manual for “cast-iron,” § 
varies from 4 to 3? the given tensile 
strength of the material. In the single 
case given for “bar iron” it is but little 
over 4 of the corresponding tensile 
strength. 

In the case of the forged iron beams ex- 
perimented upon, the resulting value of S 
would be, for the first a little less, for the 
second a little greater, than } the strength 
which direct experiments proved to belong 
to the “unworked ” iron of the beams. 

In the case of castings, in the first case 
S would approximate to }, in the second 
to 4 the real tensile strength of the iron. 
In all these cases the ratio of these frac- 
tions to } is the ratio by which the calcu- 
lated exceed the true tensile strengths, as 
afterwards determined by direct experi- 
ment. The calculated “extension of fibre” 
does not err, necessarily, in the same di- 
rection. It does not, probably, exceed 
the real extension, and must, indeed, fall 
short of it if the neutral axis, through in- 
equality in compression and extension, is 
lower than the assumed central position, 
as it probably is in all cases in which S 
exceeds } T. 

The average “tenacity” of cast-iron 
aes prior to 1841, is given 

23,638 per square in. 
In 1851, it was. a4 

The mean tensile strength of the iron of 
the 10-in. guns which endured 2,540 
rounds each, was 26,038 lbs. 

Although the cast-iron of these beams 
proves comparatively weak, the extersi- 
bility of the metal appears to be much 





* The extreme extension in this Table does not exceed or 
even equal that which was found for the outer fibres of the 
fist beam broken—viz., .0464. 
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greater than that of the gun-metal tested 
by General Rodman (p. 159, Experiments 
ou Metals, etc.). 

The fracture of the iron in the beam at 
first cast exhibited a leaden gray color and 
a crystalline structure quite uniform, but 
quite as coarse and apparently less close 
than that of Lake Superior charcoal pig- 
iron; the fracture of the re-cast beam 
showed greater compactness. The par- 
ticular composition of iron used in these 
beams appears to be quite inferior as cast- 
iron to what it is when wrought. 

Limited in scope as are these experi- 
ments, I think they furnish presumptive 
evidence of the superiority of forged 
wrought-iron, in large masses, over cast- 
iron, for ordinary transversal strains and 
for the endurance of shocks. The uni- 
versal use of wrought-iron for shafts of 
steamships, etc., is in accordance with 
this conclusion ; and if such observations 
as we could make at the firings furnish 
no proof that the elastic forces of the iron 
were fully called into play, yet the subse- 
quent experiments go to show that neither 
the process of forging nor the crystalline 
structure which results from it is neces- 
sarily destructive of ductility and tenacity. 
If it appears, indeed, that even the most 
ductile and tenacious wrought-iron is, like 
cast-iron, brittle under the action of instan- 
taneous applied rupturing strains, yet the 
presumption of superiority is certainly in 
favor of that material which possesses the 
above qualities in the highest degree. 


| The press, used under the direction of 
ithe able Naval Constructor, Mr. B. F. 
|Delano, was one made in England, 
and set up in the Brooklyn Navy Yard, 
for the purpose of bending armor 
plates. Its gauge was graduated to 
2,000 tons (of 2,000 lbs.), and the ac- 
curacy of its indications was thoroughly 
tested. 

In relation to forged iron in masses of 
large dimensions (such as shafts of steam- 
ships, rolling mills, etc.), there is great 
diversity of opinion, and little experimen- 
talknowledge. That they frequently break 
is notorious. If it happens that a flaw in 
the forging is found, as is sometimes the 
case, the rupture is of course satisfactorily 
explained, even if it casts doubt upon the 
reliability of the forging process. But 
quite frequently no flaw is found (and the 
means and processes are so thoroughly 
perfected at the present day that there is 
no excuse for their occurring), while the 
sharply defined and highly crystalline 
fracture, which is invariably observed, is 
usually considered an indication of dan- 
gerous brittleness. The various explana- 
tions already mentioned as having been 
applied to the fracture, by gun-shot, 
of the beams in the target, are freely 
offered. Inconsistent with each other, 
experimental observation is almost 
wholly wanting to test their validity. 
Hence the experiments herein recorded, 
limited as they are, may prove of some 
value. 








THE EFFECT OF TEMPERATURE ON COAL GAS. 


From ‘ Engineering.’’ 


Of the many experiments which have 


| tometer, this illuminating power with that 


from time to time been made on the illu- | obtainable when the gas was burnt in the 
minating power of coal gas under differ- | same burner at a higher or lower temper- 
ent conditions, very few, we believe, have ature. In order that this might be done, 
been conducted with a view of ascertain-| the burner was attached to a U-tube, 


ing the extent to which that power is af- | which could be immersed either in a cool- 


fected by the temperature to which the 
gas is exposed, and for this reason some 
experiments of this kind, which were not 


long ago carried out in the laboratory of | 


the University of Munich, possess a 
special interest. In these experiments 
the illuminating power of the gas at the 
normal temperature of oh deg. Fahr. was 
taken as the standard, and the object was 
to compare, by means of a Bunsen’s pho- 


ing mixture or in a liquid at an elevated 
temperature. The illuminating power at 
| the normal temperature being represented 
by 100, it was found that when the U- 
itube was immersed in snow, so as to 
bring the temperature of the gas down to 
32°, the illuminating power was reduced 
to from 76 to 85; while when a mixture 
of salt and snow was used to give a tem- 
perature of—4 deg. the illuminating power 
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of the gas was reduced to from 33 to 40, 
or, in other words, it was only equal to 
about 4 of that which it possessed at the 
normal temperature. Of course such a 
temperature as —4 deg. is one to which 
gas is never practically exposed, at all 
events, in this country ; but the fact that 
even at a temperature of 32 deg. there 
was found to be an average diminution of 
the illuminating power to the extent of 
about 20 per cent. is an important one, 
well deserving of attention. 

Heating the gas above its normal tem- 
perature was found to have far less influ- 
ence upon its illuminating power than 
cooling it below that temperature, and 
this was a result which might have been 
expected, for reasons which we shall point 
out presently. By immersing the U-tube 
in boiling water, and thus raising the 
temperature of the gas to 212 deg., it was 
found that the illuminating power was in- 
creased to 104 (the illuminating power at 
the normal temperature being, as before, 
represented by 100), while when melted 
paraffine was substituted for the water, 
and the temperature thus increased to 
288 deg., the illuminating power became 
118. Thus while a reduction of tempera- 
ture of about 32 deg. lessened the illumi- 
nating power by about 20 per cent., an 
increase of temperature of 224 deg. raised 
that power by about 18 per cent. only. 
This state of affairs is readily explicable if 
we suppose the reduction of temperature 
in the former case to have been sufficient 
to cause the liquefaction of a portion of 





the hydrocarbons associated with the 
gas, as in that case the total amount of 
sensible and latent heat abstracted from 
the gas by the reduction of temperature 
of 32 deg. might even be greater than that 
imparted to it when its temperature was 
raised to 288 deg. In all the experiments 
the air for supporting combustion was, 
we believe, supplied at the normal tem- 
perature ; but it would have been inter- 
esting if, in the case where the gas was 
cooled to 32 deg. Fahr., the light had 
been supplied with air at that tempera- 
ture also, and notice taken of the effect. 

In the course of the experiments it was 
found that, after the gas had for some 
time traversed the tube immersed in the 
cooling mixture, a thick coating of ice 
was deposited on the interior of the tube. 
The water resulting from the melting of 
this ice had a strong smell, was neutral to 
test papers, but when exposed to suitable 
tests gave a feeble reaction, showing the 
presence of cyanogen. With indigo car- 
mine (sulphindigotate of potass) and sul- 
phuric acid, it developed the blue color 
of indigo, and evolved the odor of nitro- 
benzine. To determine the amount of 
water carried by the gas a large quanti- 
ty of the latter was caused to pass very 
slowly through a drying tube charged 
with pieces of pumice-stone soaked in 
sulphuric acid. A large number of ex- 
periments made in this way on the ordi- 
nary gas supplied to Munich showed the 
quantity to average about 1.6 grains per 
cubic foot. 





COKE IRON AND 


CHARCOAL IRON. 


By M. BERTHAULT. 


Translated from 


What is the cause of the inferiority of | 
And why is| work of MM. Flachat, Barrault, and 


coke iron to charcoal iron ? 
the charcoal iron of certain countries of | 
Europe inferior to that of Sweden and | 
Russia ? 
From my investigation of the composi- | 
tion of cokes and the coals which produce 
them, and of the woods of different kinds 
employed in Sweden and other countries 
of Europe, I have come to the conclusion 
that this inferiority proceeds mainly from 
the insufficiency of the salts of potassium 
and sodium which are employed in the 
fusion of the iron. ! 


‘Les Mondes,”? 
The following is from the extensive 


Petiet. 


No. 137. Porasstum, Soprum, Catcrum. 


These metals produce a decarbonizing 
effect upon the ore without combining 
with it ; the potassium contained in the 
cinders of the combustibles does not 
appear in the slag or in the metal, but is 
volatilized so that it is found in great 
quantity upon the walls of blast fur- 
naces. 

Lime dissolves the silica contained in 
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ore, and, besides, sets free a large quantity 
of sulphur. 

Bessemer and Heaton in their processes 
both base their system of reduction of 
ores upon the oxidizing reaction either of 
nitrate of soda or of nitrate of potassa. 

The quantities of alkaline salts contain- 
ed in various fuels are given by MM. Vio- 
lette and Archambault, as follows : 


ANALYSIS OF OAK ASHES. 
Carbonic Acid,...........28.2 
Sulphuric ‘“ 7.6 
Muriatic 
Silica 
Potassium, 


White Oak Ashes,....... 0.075 of Alkaline Salts, 
Chestnut - pews 0.146 6s 6s 
Parisian Oak “ 5 ‘ ” 
Pontgibaud “ - ¥ 
Allevard Fir ‘ “ “ 
Norway Fir “ ....... 0.500 - ” 

St. Etienne Coal, Ammoniacal Carbonate. 

Auzin Coal, Ashes, Water, & Potassium, 0.128, 


Chaulevay Coke, No Potassium. 
English es 


No Potassium, but Salts of 
Lime, (Sulphuret and Carbo- 
nate). 


St. Etienne ‘“ 
Rive-de-Gier ‘ 

It seems, then, to be demonstrated that 
the salts of potassium and sodium intro- 





duced into the blast furnace with the ore 
and the fuel, give, with coke or with other 
fuel, iron of superior quality. Everything 
depends on the auantity of potassium or 
sodium. The salt should be the carbo- 
nate of potassium, such as is obtained 
from vegetables, and known as raw pot- 
ash, pearl ash, Russian or American pot- 
ash, ete. 

In order to obtain a uniform quality of 
iron in the same blast furnace or manu- 
factory, in other words, to apply the pro- 
per quantities of the salts, they must be 
dissolved in some agglutinating mixture, 
and the ore, or rather the porous coke, 
must be covered with the compound ; 
diluted clay or blood mixed with water 
will answer. 

The question of expense is of course to 
be considered, but the expense will be 
compensated by the improved quality. 
Potash is still very dear ; but it is pro- 
bable that the water of salt marshes 
mixed with lime could be used. The high 
temperature would decompose this mix- 
ture and produce the necessary decarbu- 
rant gas. By this means the greater part 
of the work now done in the puddling 
furnace or the Bessemer apparatus might 
be done in the blast furnace. 





INFLUENCE OF RAIN ON FILTRATION OF RIVER WATER. 


From ‘‘ The Mechanics’ Magazine.”’ 


Whether it is that we have so much 
and so general rain in England as to 
have, strictly speaking, no rainy season, 
or that the geological formation of our 
soil is essentially different, yet it is cer- 
tain that we do not experience the same 
effects that attend the rivers of other 
countries at certain periods of the year. 
During the autumn and winter months 
our streams, especially those in mountain- 
ous districts, do become swollen and tur- 
bid to a very considerable degree, but 
still do not approach the condition of 
those in higher latitudes. As an example 
of a river which is affected perhaps to a 
maximum by the rainy season, we may 
select the Hooghly, or, as it may be ap- 
propriately termed, the river of Calcutta. 
A most valuable and interesting report on 
this subject has been published by W. 
Smith, Esq., C. E.. Chief Engineer to the 
Caleutta Water Works. As it bears di- 





rectly upon the welfare and interests of 
both the native and British population re- 
siding on the banks of the river, we shall 
proceed to discuss its contents with all 
the more alacrity since the condition of 
our own rivers and streams is a disgrace 
to a civilized nation. Our readers were 
made well acquainted with this fact in a 
recent article on the pollution of rivers, 
which was based on the indisputable as- 
sertions and statements contained in the 
lately issued report of the Royal Commis- 
sion appointed to investigate and inquire 
into the whole bearings of the question. 
In whatever land a river may be situated, 


| and under whatever circumstances it may 


be placed, the effect of heavy and sudden 
rains will be to cause flooding, and to sur- 
charge the water with more or less solid 
matter. The nature of this solid addition 
materially influences the future state of 
the water, and the accomplishment of its 
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proper filtration. It is of course taken for 
granted that all water intended for the 
supply of cities and towns, from whatever 
source it may be derived, is passed 
through filtering beds before being per- 
mitted to flow into the delivery pipes. If, 
therefore, by reason of floods, the river or 
other source of supply become strongly 
impregnated with any substance which 
would tend to choke up or clog the filter- 
ing beds, it is manifest that the flow of the 
water would be very much impeded, the 
filter beds rapidly deteriorated, and the 
whole operation rendered increasingly 
troublesome and expensive. Such is thecase 
with the Hooghly. During the monsoon 
the river becomes charged with a very 
fine description of clay, which seriously 
increases the difficulty of filtration. In 
some experiments made upon small sam- 
ples of the turbid water with an ordinary 
paper filter, it was found that even after 
settling for a considerable time, it either 
passed through in a partially muddy con- 
dition, or that a layer of clay formed on 
the filter, which would not allow any wa- 
ter to pass through at all. 

The general condition of the Hooghly 
at the various periods of the year differs 
considerably. 
March it is not sensibly contaminated 
with mud, and that which it does contain 
speedily subsides, leaving the water near- 
ly clear. During the next four months it 
receives large additions of foreign sub- 
stances and a great deal of mud; but the 
particles are coarse, and subside without 
much difficulty, so that the filtration is 
nut impeded. From the end of June to 
the beginning of November is the trying 
time for the filtering beds, although it is 
not the quantity but the quality of the 
mud that is the objectionable feature in 
it. The fine clay that remains suspended 
in the water will not settle ; it will pass 
through a coarse filter, but forms, as has 
been already stated, an impervious layer 
or coating over the surface of a fine one. 
The object of the experiments to which we 
shall refer was to determine the best meth- 
od of managing the filtering operations, 
and the most suitable materials to employ 
for the purpose. With this view, four 
filtering boxes were constructed of teak, 
and lined with sheet-zinc. Two of them 
were 6 ft. by 6 ft. by 6 ft., and two were 
3 ft. by 2 ft. by 6 ft. deep. The other ar- 
rangements were common toall. They 


From November until’ 





consisted of a small iron box fitted below 
the centre of the bottom, with an iron 
pipe passing below the bottom of the box to 
one side, and then passing upwards along 
that side. In addition, each box was 
supplied with a stopcock and various exit 
pipes at different heights, by which the 
flow of water could be regulated by the 
degree of pressure required. Four iron 
tanks, containing each 400 gallons, were 


| placed at a higher level to act as settling 


reservoirs. These were furnished with 
siphons and stopcocks for drawing off the 
water to the filters after settlement had 
taken place. The filtering materials con- 
sisted of silicious pebbles, and gravel of 
different sizes, and of sand, some of which 
was coarse and some fine. The latter was 
obtained near Pultah, the former in the 
vicinity of Mugra, and one of the objects 
of the experiments was to determine their 
relative values as filters. It is not enough 
for a filtering bed to deliver the water in 
a state of purity, but it must also deliver 
it in a sufficient quantity for the supply 
demanded. A bed of Pultah sand 30 in. 
in thickness was proved to be able ina 
very short time to deliver the water free 
from mud, while a similar bed of Mugra 
sand 48 in.in thickness did not arrive at that 
stage until after the lapse nearly of a couple 
of months, during which time it yield- 
ed only about half the proper quantity of 
water. By exceptional management the 
coarser-grained sand can be made to de- 
liver the muddy water clear, but the most 
careful management will not raise it to 
the standard of the other and finer de- 
scription. It becomes seriously impaired 
in efficiency by an increase in the pressure 
of the water, and also by the pressure of 
the fine kind of clay which results from 
the flooding of the river. 

Among the items constantly occurring 
in the working expenses of water-works, is 
the cleaning of the filtering beds, and this 
mainly depends upon two circumstances. 
One is the quality of the water supplied, 
and the other, the nature of the material 
used as a filter. If the bed become 
choked up so that the flow be intercepted, 
it must be attributed either to the foul 
condition of the water, or to the badness 
of the material, or perhaps to both. A re- 
markable distinction must be here noticed 
between the manner in which filtration 
proceeds when the water is very much 
impregnated with foreign particles, and 
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when it is comparatively pure. Under 
ordinary contingencies, the filtration and 
separation of foreign particles is effected 
by the first three or four inches of the 
bed, and the remainder of its depth re- 
mains nearly free from impurities. In a 
word, the filtration is accomplished by 
superficial aid alone, and does not pene- 
trate much below the surface of the filter. 
This condition of affairs no longer prevails 
when the rainy season sets in. At any 
rate, it is not the case with the waters of 
the Hooghly. The fine clay suspended in 
it is not arrested by the uppermost layer 
of the filtering bed, but finds its way down 
to the bottom. In the experiments in 
question, different depths of sand were 
operated upon with the same result, al- 
though it was proved that the depth to 
which the clay penetrated depended upon 
several circumstances, such as the pres- 
sure, the consistency of the sand, and the 
rate of the flow. The proportion of the 
clay diminishes with the depth of pene- 
tration, as might be expected. There are 
two methods in ordinary use for cleaning 
the sand of filtering beds when it is need- 
ed. One is to wash the layer of sand 


with water, and the other, to remove it 
altogether and replace it by a clean stra- 
tum. Neither of these plans is recom- 
mended for filtering the Hooghly water, 
but it is proposed not to remove the dirty 
layer of sand until the whole bed requires 
a renewal. It is very justly argued that 
if the plan of removing the first three or 
four inches in thickness be adopted, there 
will always be in this case a clean layer on 
the top of one which is not clean, but 
which is to a certain extent impregnated 
with the peculiar fine clay described. The 
method recommended is to commence 
with a good thick bed which will last dur- 
ing the rainy season, and which will not 
require a thorough renewal until the pro- 
cess of filtration has returned to its nor- 
mal condition, and the operation may be 
easily accomplished. No analogy can be 
fairly drawn with respect to the whole 
management of filtering beds in India 
| from the manner in which they are treat- 
| 





ed at home. The conditions of the two 
/cases are entirely different, and conse- 
| quently different means must be resorted 
| to in order to successfully carry out the 
various operations demanded. 





TELEGRAPHS 


IN THE EAST. 


From “ Engineering.’’ 


The “Bombay Gazette” expresses its opin- 
ion that the world has gone mad on the sub- 
ject of submarine telegraph cables, but 
supports its demand for one between 
Bombay and Galle, which is assumed will 
cost a mere bagatelle of £200,000,* and be 
more speedy and more certain than a 
land line. 

Truly telegraph cables are in high 
favor just now, and the public, ignorant 
of or rejecting the lessons taught by 
numerous failures, and without first ascer- 
taining if the same conditions apply, on 
the strength of the success of the Atlantic 
cables, are perhaps somewhat careless of 
the consequences of investing in any great 
scheme of submarine telegraphy. 

There can be no doubt that there are 
still some good openings left for submarine 
telegraphs which offer fair prospects of be- 
ing remunerative ; but if the conditions 





on Tt cannot be laid for less than £350,000, or possibly £450- 


under which submarine telegraphs pay, 
and pay better than land lines, be absent, 
success is impossible. We call attention 
at length to these matters because of their 
intense effect on the commerce of this 
country. Any scheme that is accepted 
by the public and fails, throws back tele- 
graphic extension for years ; witness the 
failure of the first Red Sea and the first 
Atlantic Cable. It will be too late when 
the day of repentance cometh—as come 
it must for the public, or the sharehold- 
ers, or possibly both—to inquire why 
legislation did not intervene to insist on 
the adoption only of those routes which 
alone can offer reasonable prospects of 
providing good communication at the 
lowest possible price. 

During the last year we have placed 
| upon the market six or more schemes for 
extending telegraphic communication to 
| China, Japan, and Australia. Some of 
| these are on the direct line of communica- 
| tion, and all possess some good elements, 
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but not one of them is perfect or even ap- 
proximates to perfection, excepting the 
submarine schemes chiefly promoted by 
the Telegraph Construction and Mainten- 
ance Company, who have adopted such a 
circuitous route that even if they earn a 
dividend they must expect to be cut out 
by any line or combination of lines which 
is sure to come forward to seize the 
shorter and what happens to be the 
stronger route. 

The staple argument of the cable com- 
panies is, that cables work cheaper, better, 
and with greater speed than land lines ; 
the correctness of this depends upon their 
relative length, and special condition of 
climate and place. On the Indian Gov- 
ernment lines, messages are transmitted 
between the Presidency towns and Kur- 
rachee with very great rapidity ; they are, 
in fact, transmitted on well-insulated lines, 
without any repetition whatever over dis- 
tances of nearly 1,800 miles. 

Land lines cost less than one-third the 
price of cables, are easily repaired, per- 
mit of several wires, a much lighter speed 
of signalling, and generally offer alterna- 
tive routes ; such lines, repaired at inter- 


vals, last for ever, but as yet we know, 
but little of the longevity of cables, even 


when laid in very deep water. Our 
knowledge is almost limited to the cases 
published in the Blue Book of 1860 
(“Construction of Submarine Cables”), 
according to which a very large propor- 
tion of the cables laid in shallow waters 
are destroyed either by abrasion against 
rocks or gravel, or by ships’ anchors, in 
less than ten years. We also know that 
both the Atlantic cables have been more 
than once ruptured, and have remained 
so for months at atime. Our experience 
of the longevity of cables laid in the 
tropics and Eastern seas is almost limited 
to the first Red Sea cable, the Persian 
Gulf cable (one of the best cables ever 
constructed), the Cuba, and some short 
cables laid in India. From this experi- 
ence we learn that in hot climates, and es- 
pecially in shallow water, the wire guards 
of cables suffer severely from the heat, 
from abrasion against coral and other 
rocks, ships’ anchors, and that the core 
is attacked by Teredo worm when ex- 
posed. 

Cables laid in very deep water are 
pretty safe from ordinary accidents, but 
they must have shore ends, and when 


| exceeds 25 to 35 words a minute. 





damaged cannot be repaired at any time 
without considerable expenditure of time 
and money, and not at all in bad weather, 
which, in tropical seas, means during the 
five or six months of the rainy season. 

The popular belief that signals are al- 
ways transmitted with greater speed 
through cables than land lines, is due to 
ignorance of the conditions under which 
this becomes possible. It can only hap- 
pen when the length to be signalled 
through is so great as to require more 
repetitions on the land line than by cable. 

On a land line the electric current dis- 
charges itself instantaneously, therefore 
the limit to speed is the rate with which 
the signalling instruments can be manip- 
ulated ; under certain arrangements it is 
quite possible to attain a speed of 60 words 
per minute, but in practice the rate —_ 

no 
cable the case is quite different; the con- 
ductors being enclosed in a dielectric, in 
contact with the earth or water, the cable 
cannot discharge itself instantly. In fact, 
electric phenomena occur which prevent 
the rapid transmission of signals, and 
more than 10 or 12 words per minute 
cannot be transmitted with any pretension 
to accuracy. 

The limit over which telegrams are 
transmitted automatically in fair weather, 
is about 800 miles in Europe, about 1,000 
miles in America, and somewhat more in 
India. During the continuance of great 
atmospheric disturbance—such as the 
commencement and breaking up of the 
rainy season—it is difficult to transmit 
signals without repetition, even 500 miles. 

No limit has yet been found to the length 
of cable through which it is possible to 
transmit a signal; but as the signalling 
decreases in speed as the length of cable 
increases, about 1,200 miles is considered 
the most convenient distance for stations 
to be apart. At this distance 12 words 
per minute is a fair rate of signalling ona 
cable of large capacity. 

It is therefore obvious that, ceteris par- 
ibus, a cable is inferior to a land line for 
distances of less than 2,000 miles. We 
have already stated that cables are at a 
disadvantage in shoal waters. Land lines 
on a sea coast, especially in the tropics, 
are, on the other hand, also at great disad- 
vantage; the hot moist air carries off a 
great deal of the current and rapidly cor- 
rodes the wires. They are also peculiarly 
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liable to interruption from cyclones and 
severe winter weather. Lines through 
dense forests, especially in the tropics, are 
difficult to maintain. Lines that cross 
broad rivers are at great disadvantage. 
Asa cable costs at least three times as 
much as a land line, it is worked to best 
advantage when it shortens distance— 
such as when it is laid across a deep bay 
or a strait, or an arm of the sea. 

A well-erected and well-insulated land 
line through an open country, along a 
good line of communication, especially if 
that line be a railway, is as near perfection 
as can be, and where these conditions rule, 
a land line is incomparably preferable to 
the very best cable that can be laid. 

The Red Sea cable will be laid from 
Suez to Bombay in very deep water, by a 
route far shorter than would be possible 
for a land line, and should, if secured 
against abrasion on the coral rocks near 
Mocha, be a success ; but a cable laid be- 
tween Bombay and Galle must follow the 
general run of the coast, and be actually 
longer than the land line. It will be in 
shoal water, amongst rocks, and for many 
months in each year will be exposed on a 
lee-shore to the full force of the south- 


west monsoon ; the landing, too, at Galle, 


will be exceedingly difficult. A cable, laid 
from Galle to Singapore will also meet 
with great difficulties ; it cannot be laid 
direct to Acheen Head, and all through 
the Straits of Malacca, 400 miles, it will 
be exposed to all the dangers inseparable 
from shoal water of only 20 or 30 fathoms. 
Ships beating through the Straits, anchor 
anywhere most convenient to themselves, 
a certain source of injury to cables laid in 
these waters. 

What the public really requires is, not a 
cable between Bombay and Galle, but the 
adoption of that scheme which combines 
in one homogeneous whole all the strong 
points of each of these projects. What 
they should demand is, that line or combi- 
nation of lines which will give them the 
best results at the lowest possible cost. 
Now a glance at a good map of Asia shows 
that there is no necessity to go to Galle* 
at all; the most direct mode of reaching 
Singapore from Bombay is through Ma- 





* Galle seems to have been selected because it is the south- 
ernmost point of India, and the grand junction station for the 
several lines of steamers plying on the Eastern seas, and this, 
though ample reason for making it a branch, is not sufficient 
for putting it oc the main line of communication. 





dras ; and if it be remembered that Bom- 
bay and Madras, which will very shortly 
be united by railway, are only 760 miles 
apart—that is to say, within easy direct 
electric communication—it is evident that 
a telegraph starting from Madras, starts 
with a great initial advantage. 

The facilities for laying a cable from 
Madras are also far better than those pre- 
sented by Galle. At Galle, the harbor is 
confined, the entrance narrow, and the 
surf even in the calmest weather breaks 
incessantly over its rocky coast, and no- 
where round the coast, until the neighbor- 
hood of Trincomalle is reached, exist bays 
or indentations suitable for the landing of 
a cable. 

From Madras, on the contrary, a cable 
would be laid on a sandy bottom, and 
start in the direction of the point to be 
reached, and if the site for landing be 
judiciously chosen, such as where a bar is 
forming across a small river mouth, the 
cable would soon bury itself and become 
practically indestructible. 

The scheme that we should like to see 
projected and well supported by one large 
company is that recommended by Colonel 
Robinson, the Director-General of Indian 
Telegraphs, viz., lay a cable from Madras 
to the mouth of the Pak-Chan river, the 
southern extremity of the Tenaserim Pro- 
vinces, touching at Port Blair, whence a 
branch should be laid to Rangoon, and 
possibly to Acheen Head ; a short land 
line of 70 miles across the isthmus at Kra 
would connect this cable with another to 
be laid across the Gulf of Siam to Cam- 
bodia Point of Saigon. From Tayoung, 
the east terminus of this short land line, a 
branch land line should be carried up the 
eastern coast of Siam to Bangkok, only 
270 miles distant. Singapore should be 
connected either by a land line along the 
east coast from Tayoung, or with Cam- 
bodia Point by cable. 

This scheme presents, apparently, the 
strongest, cheapest, and most direct main 
line which can be laid between London 
and Hong Kong, with branches to Galle, 
Rangoon, Bangkok, and Singapore, the 
latter capable of extension to Australia. 
It is evident that this line, besides being 
stronger, would cost so much less, that it 
could afford to transmit telegrams at 
much lower cost, and with greater 
speed, than the Galle-Singapore ca- 
ble; and hence, whether the Govern- 
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ment of India carries out its proposition 
to give substantial aid (in the way of a 
cable across the Bay of Bengal) to any 
scheme that shall give evidence of stabil- 
ity, or not, we trust ere long to seo a 


company, or combination of comparies, 
started with the object of undertaking 
either the extensions beyond Port Blair 
or the Pak-Chan river, or of the whole 
scheme in its entirety. 





WIND PRESSURE ON BRIDGES AND ROOFS. 


From ‘ The Engineer.”’ 


Recognizing, as we have always done, 
and advocating as we always do, the ad- 
vantages of a sound knowledge of theory, 
and an accurate appreciation of its value, 
it must, nevertheless, be admitted that 
there are certain instances in which it be- 
comes absolutely impossible to reduce its 
dictates to practice. It is not merely the 
labor that it imposes on its votaries in 
some particular cases that acts as a deter- 
rent, but also the uncertainty as to the re- 
sult that is ultimately arrived at through 
its instrumentality. There are some 
theoretical calculations which, with all 
the respect we have for their intrinsic 
merit, do unfortunately terminate in “ van- 
ity and vexation of spirit.” In such ex- 
amples practice and experience come 
most opportunely to the rescue, and solve 
the problem that by reason of its com- 
plexity would otherwise remain, to all in- 
tents and purposes, indeterminate and 
unproven. Digressing for the moment, 
the pertinent question presents itself, how 
is it that some engineers, by an almost 
natural aptitude—it might almost be 
termed instinct—do perceive ata mere 
glance the fitness of any proposed design 
for its required duty? They make no 
elaborate calculations respecting the di- 
mensions of the several parts, they do not 
care to inquire whether this member is a 
strut and that a tie, whether there are 5 
tons or 6 tons per sq. in. upon the metal, but 
state at once, without the slightest hesi- 
tation, that it will carry such and such a 
load safely. Whence is this practical 
discernment derived? In our opinion it is 
due to natural ability and genius. 

In the designing of bridges and the pro- 
portioning of their several parts, the con- 
ditions attending the development of the 
strains are usually determined upon the 
separate assumptions of a fixed and a 
variable, or, as it is also termed, a dead 
and alive load. Two tables of the results 
should always be compiled—the ore giv- 





ing the maximum strains under the hy- 
pothesis of the load being uniform and 
stationary, and the other, those arising 
from the action of the moving load in the 
several positions it can practically occupy. 
Should the latter calculation be omitted, 
as it sometimes is, it is impossible to arrive 
at the opposite duties which may be re- 
quired of any particular member of the 
structure, and any attempt at scientific 
and economical counterbracing becomes 
impossible. The experience derived from 
the construction and erection of the Brit- 
annia Bridge tends to demonstrate that 
the pressure of the wind, so far as 
structures of that class are concerned, 
produces little or no effect upon their 
general equilibrium. Not that it is to be 
disregarded ; but it cannot be considered 
as materially increasing the assumed load, 
either fixed or variable, which enters into 
the calculation of the necessary sectional 
area of metal proper under the circum- 
stances. The resistance to wind pressure 
is obtained not so much by strengthening, 
but by stiffening a bridge or roof. Insist- 
ent weight and rigidity are the best coun- 
teracting elements. The type selected for 
a bridge considerably modifies the nature 
and intensity of the force of the wind. 
A girder with an open or lattice web will 
be but little affected by the most violent 
storm, at whatever elevation it may be 
placed ; but if a solid-sided or plate girder 
be in the same situation there will be a 
large amount of lateral stress induced 
upon one or other, and perhaps upon both 
of its sides simultaneously. Taking one of 
the Menai tubes, for instance ; if we im- 
agine a strong wind blowing upon one of 
its sides, it may be regarded theoretically 
as equivalent to a temporary weight or 
pressure acting uniformly, or what 
amounts to the same, uniformly distribu- 
ted over its whole length. Under these 
conditions, it is obvious that there is a 
close analogy between the resulting strain 
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and that induced upon the centre of a angle of incidence of the wind is constant, 


girder by a horizontal load. The max- 


the angle of actual pressure will vary 


imum bending moment will be evidently | from the crown to the springing. But in 
proportional to the pressure of the wind | reality the wind rarely blows in a storm 


upon the unit of surface multiplied by the at a constant angle. 


On the contrary, it 


square of the span, the resistance being | blows at all angles from the vertical to the 
directly as the vis inertie of the bridge | horizontal, and, in consequence, will be 


and its own rigidity. The maximum pres- 
sure upon the Britannia bridge was found 
to be only half a ton per sq. in. 


| 


This is|of the roof. 


sometimes vertical, sometimes normal, 
and sometimes tangential to the surface 
The assumption that the 


also apparent from the fact that although | pressure of the wind may be considered 


the wind may not affect a bridge through- 
out all its parts with the same degree of 
force, yet its action is never so purely lo- 
cal as to be confined to one particular 
section or short length. The tendency of 
a wind pressure on the side of the Bri- 
tannia tube is not to shear the web in any 
particular vertical plane, but to sweep the 
whole structure bodily into the straits. 
In this instance any more stiffening ap- 
plied solely to the side would be of little or 
no use. It isthe whole bridge that must 
be rendered rigid. The two tubes are as- 
sailed en masse; their only safety is in a 
close and intimate union, combining their 
individual resistances so as to act as one 
rigid piece of construction. It was not at 


first intended to place the two tubes in 
this relation with one another, but the 
advantage of so doing was speedily recog- 
nized and acted upon. 

A roof is differently affected by the 


wind to a bridge. In this respect it must 
be confessed the modern light iron trusses 
are comparatively at a disadvantage with 
the older, heavier type of timber construc- 
tions, which, although the absolute cover- 
ing of slates, tiles, or of whatever nature 
it might be, was sometimes blown off, yet 
remained firm and unshaken. The pres- 
sure of the wind may affect a roof in three 
ways. It may affect it from without or 
from above, from within or underneath, 
and it may also affect it locally, or con- 
fine its action to one-half or even one- 
quarter of the entire principal. Let us 
take as an example a curved trussed roof 
of the type that is particularly applicable 
to stations, engineering workshops, and 
manufacturing sheds, and proceed to de- 
termine in what manner allowance is to 
be made for the pressure of the wind, 
which has been observed in this country 
to obtain a maximum value of 55 Ibs. to 
the square foot. First for the external 
action. The roof being curved, it is clear 
that even on the supposition that the 





as a vertical force, and that therefore so 
many pounds per sq. ft. may be added to 
the weights already estimated to rest 
upon the structure, is erroneous, for in 
that case it would affect each half of the 
roof equally and simultaneously. Under 
these circumstances, therefore, it would be 
equivalent to simply increasing the uni- 
form load, and regarding the principal as 
subjected only to a load of that character, 
which is incorrect. It is true that a roof 
is not acted upon by a movable load in 
the same manner in which a bridge is 
affected ; but it is subject to a variable 
load, which, as it has been already stated, 
may cover the half or the quarter of one 
side. At whatever angle the wind might 
be assumed to act, it is scarcely possible 
that its influence could be spread over a 
less space than one-quarter of the half, or 
one side of the roof. Sir W. Fairbairn 
observes that, in reference to roofs, “every 
pair of principals composing such struc- 
tures should be self-supporting, that is, 
should have sufficient stiffness within it- 
self to sustain a load of 40 lbs. per sq. ft.” 
This load is considered tobe a uniform 
load. How, then, is the variable pressure 
of the wind to be taken into account? In 
the first place, it must be borne in mind 
that 40 lbs. per sq. ft. is considerably in 
excess of the actual weight of the covering 
and the roof itself, and includes a certain 
allowance for wind pressure. The largest 
slates weigh bnt a trifle over 8} lbs. per sq. 
ft., so that the margin that is left can be 
well imagined, more especially as in the 
examples to which allusion is made a 
much lighter covering than slates is usu- 
ally adopted. In addition, there is also 
the additional guarantee of security 
afforded by the ratio of the working or 
safe load to the ultimate strength of the 
material. Instead, therefore, of treating 
this weight of 40 lbs. per sq. ft., or what- 
ever other unit, not less than this, that 
may be adopted, as a uniform load, it 
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it should be treated as both a uniform and 
a variableload. In other words, the effect 
of each successive portion of this or a great- 
er weight situated at each apex should 
be carefully ascertained by a diagram of 
strains, and the results tabulated. The one 
will give the strains due to a uniform load, 
and the other that due to a partial one. 
The latter will indicate the local action of 
any particular weight or weights, and will 
point out how, under certain conditions, 
particular parts of the truss which are 
under either compression or tension, 
when subjected to a uniform load, will 
undergo strains of an opposite character 
when that load is regarded as only par- 
tially distributed. Having, therefore, as- 
certained the conditions of strains due to 
a uniform load upon the various parts of 
the roof, and tabulated the results, let 
another table be compiled showing the 
effects of a partial loading, and then the 
necessary counterbracing can be introdu- 
ced. But there yet remains a very im- 
portant element of stiffness to be added, 
namely, the wind ties. These are requir- 
ed, not only to assist in resisting the ex- 
ternal violence of a storm or hurricane, 
but also to prevent the pressure from un- 
derneath literally “blowing up ” the roof. 
If the wind once gets “well under” a roof 
nothing but the fact that the greatest care 
and precaution have been bestowed upon its 
bracing will prevent it being carried away. 
We have known an instance in which, 
from want of attention to the proper tying 
together of the principals, the whole roof 
was lifted bodily off the side walls and 
landed in an adjoining field. The storm 
continuing, the walls gave way also, and 
the cost of restoring matters to their 
original condition amounted to £1,500. 
The fault of most wind ties is that they 
are not carried down lowenough. There 
is no necessity for tying the principals 
together by wind ties. They are already 
amply secured by the purlins and the 
whole covering in general. The point to 
be aimed at is to tie them back upon the 
respective supports, so that the principals 
could not be lifted without taking the 
foundations with them. Basing our esti- 
mate upon the data already assumed for 
the maximum pressure of the wind, the 
upward force would be equal to 55 lbs. per 
sq. ft., and would consequently lift nearly 
that weight vertically. Unless, therefore, 
the insistent weight of the roof per sq. ft, 





were greater than this amount, it would at 
any rate be able to be seriously shaken by 
a force of that intensity. The aid, there- 
fore, of some further mode of securing the 
principals is evident, as roofs of moderate, 
and even large spans, do not equal in 
weight the figures arrived at by observa- 
tion for the maximum wind pressure. 
The strength required to be given to a roof 
will be most accurately calculated by a due 
attention to those principles which theory 
dictates, and practice sanctions ; but its 
rigidity and stiffness will be best provided 
for by experience, combined with a little 
of that “artifice ” which every thoroughly 
qualified engineer knows when and how 
to employ. 





ie Atheneum records the following im- 
portant experiment made bySir Thomas 
Maclear : “I built (he says) two pillars of 
solid masonry, and sheltered them at a 
locality on the line. Each carried a mi- 
crometer microscope. With these I com- 
pared the relation between the expansion 
of the standard iron bar and the indica- 
tions of the two thermometers with oblong 
bulbs sunk in holes in the bar and sur- 
rounded with oil, and observed in the ac- 
cidental temperature of the atmosphere, 
at short intervals, throughout 24 hours, 
night and day. The expansion of the bar 
in ascending temperatures, and contrac- 
tion in descending temperatures, were 
about 2 hours behind the indications of 
the thermometer. To this circumstance 
are owing in part the rough results of com- 
parisons in the field between the standard 
iron bar and the compensation-bars. 
R von Bravse states that he has dis- 
« covered coal of very good quality in 
the Santa. Cartharina, near Ararangua. 
The seam which crops out has been ex- 
plored for a distance of some 30 miles, 
and found to be an average thickness of 1 
metre. This coal has been thoroughly 
tested and analyzed by Dr. Netto, of Rio 
de Janeiro, and is interesting as one of the 
very few instances of a true coal occurring 
in a recent geological formation, although 
in the United States and in Hanover (on 
the very borders of the Netherlands) two 
or three such occurrences are on record. 
The coal here alluded to is an excellent 
quality of gas coal. 
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REPORT ON BOILER EXPLOSIONS.* 


From “The American Railway Times.’ 


Questions. 


1. Please give me as minutely as possi- 
ble, all the particulars connected with | 
any boiler explosion with which you may | 
be familiar, whether on your road or any 
other? The shape of boiler, thickness of 
iron or steel, diameter, and state as near 
as you can learn, what pressure of steam 
was carried at the time, and what was the 
highest pressure the boiler was ever sub- 
ject to? Also whether there appeared to 
have been any defect in material or con- 
struction of the boiler; whether it had 
been weakened by corrosion, either inside 
or out; or was at any point “furrowed;” 
whether weakened by the gradual break- 
ing of stay-bolts and bars? If so, how | 
many were broken previous to the explo- 
sion; and in your opinion, what part of 
the boiler first gave way, and what was 
the cause of the explosion ? 

2. In your opinion, is the accumulation 
of mud or scale liable to produce an ex- 
plosion, by the sheets becoming over- 
heated and weakened from that cause ? 

3. Is the admission of feed-water at or 
near the fire-box, or where the water will | 
come in immediate contact with the hot | 
sheets, thereby producing a sudden, fre- | 
quent, and unequal contraction, liable to | 
weaken the boiler at such points ? 

4. Does the frequent variation of the | 
pressure, and the frequent expanding and | 
contracting of the sheets, produce crystal- 
lization, and, in your opinion, weaken the 
boiler ? 

5. In your opinion, have the minerals 
and impurities contained in water an 
injurious effect on the metal, thereby 
weakening it to such an extent as to be 
liable to explode ? 

6. In your opinion, as far as your ob- 
servation goes, “What is the cause of 
boiler explosions?” Is it in all cases from 
an over-pressure that the boiler is not able 
to stand? From its being weakened by 
its long-continued use? Corrosion? Giv- 
ing away of stay-bolts? Faulty construc- 
tion? Bad proportion of boiler, ete.? Or 
do boilers sometimes explode, where no 
satisfactory explanation can be given as 
to the cause ? 











, * Before the American Railway Master Mechanics’ Associa- 
ion 


“Vou IL—No. 6.—37 


Report. 


GENTLEMEN,—The subject of boiler ex- 
plosions has attracted the attention of 
almost every one connected with the 
management of steam boilers and engines. 
Theories respecting their causes are innu- 
merable, and multiply with every disaster 
of the kind. It would be impossible to 
state the various ideas advanced by me- 
chanical engineers, practical men, and 
especially the unacquainted, who are 
unsparing in their advice. As a commit- 
tee appointed to investigate this subject, 
we will endeavor to trace the causes to 
such defects as have presented themselves 


,in past experience, and in conditions lia- 


ble to occur in daily practice. 

It is true, explosions have occurred 
where no definite causes have been given; 
but these are rare, and would, when 
thoroughly investigated, be reduced to a 
very small percentage of the whole num- 
ber of disasters. 

The theory of the decomposition of 
water seems to be a fallacy, as gases so 
generated would be harmless in this con- 
dition without the presence of air to com- 
bine with, and is generally discarded. 
The generation of nitro-glycerine or gun- 
powder, based on the fact that so many 
tons of -water contain so many atoms of 
its chemical constituents, seems to have 
but little weight. Experimental philoso- 
phy, however, has demonstrated certain 
conditions which may occur. “The Projec- 
tile Theory,” advocated by Colburn, Clark, 
Tindel, and many other eminent engineers 
and scientists, attracts attention. For in- 
stance, water, in its normal state, holds a 
large quantity of air in solution, which 
after boiling for a time, will be expelled, 
and liquid of a cohesive quality produced. 
In this condition the temperature can be 
raised high above the boiling point before 
ebullition takes place. On rupturing this 
cohesion, ebullition partakes the nature of 
explosion. It is conceivable that a great 
amount of heat may thus accumulate in a 
boiler, and lie dormant around the heat- 
ing surface. The water in this condition 
prevents its rising to the surface, until 
some mechanical action, such as opening 
the throttle or disturbing the safety-valve, 
imparts motion to it, and steam of explo- 
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sive force is set free. Although a theory, 
experiments have demonstrated that such 
can be the condition of water at high 
temperature, and the liberation of such 
heat takes place with extraordinary vio- 
lence. 

Explosions which have occurred at the 
instant of starting the machinery, or pro- 
ducing commotion in a boiler after remain- 
ing quiet for a while, tends to substantiate 
this. 

The following table shows an exceed- 
ingly rapid increase of pressure as the 
temperature rises : 

Deg. Fahr, 

234 = 


Pressure in Ibs. 
7 


When 15 lbs. pressure is obtained at 
248 deg. Fahr., it takes about 2 deg. 
additional heat for every pound of addi- 
tional pressure; when at 180 lbs., 374 deg. 
Every 2 deg. above this will give about 5 
lbs. additional pressure, and at still higher 
temperature this effect is still doubled, 
and is thus ten times greater than at low 
temperatures, showing the danger of ex- 
cessive heat in furnaces. 

The theory of the “ Spheroidal” condi- 
tion of water has also attracted attention. 
This can be illustrated by pouring a small 
quantity of water on heated plates, having 
a temperature above that of high pressure 
steam. Such overheated plates repel the 
water thrown upon them, which assumes 
the spheroidal state, the excessive heat in- 
terposing a film of steam, until their tem- 
peratures are sufficiently reduced, when 
direct contact will take place and rapid 
evaporation follow. This can be daily 
observed in forges and rolling mills, 
where water is let upon surfaces of iron 
heated to redness, causing detonations 
like the firing of guns. Surfaces of con- 
siderable extent may be thus exposed in 
a boiler, and should the conditions be the 
same, a danger of explosion exists. The 
speedy unequal contraction of the boiler 
plates subjectedjto such a state, may pro- 


duce fractures, or weaken them to such 





an extent as to cause serious apprehen- 
sions. This condition can take place in 
two ways: Ist, by the injection of cold 
water, which would rush on the plates 
absorbing the extra heat, causing a dan- 
gerous contraction of a whole sheet already 
in a weakened condition; 2d, by irregular 
firing and other means, large portions of 
scale liberated from the heating surfaces 
in a boiler, having an abundance of water 
and all appliances for indicating its state 
in perfect order. The scale adhering to 
the surface, and being a bad conductor of 
heat, we need not be surprised to find 
sheets literally destroyed by continuous 
heating and cooling. The use of the 
numerous anti-incrustation powders, or 
by mechanical impulse, may detach por- 
tions of it, exposing a large surface heated 
to redness to the action of the water, and 
cause explosions. 

The Committee of the Franklin Institute 
found that clean iron plates vaporized 
drops of water fastest when heated to 344 
deg. Fahr. The development of repulsive 
force was so rapid above this temperature, 
that drops which required a second of 
time to disappear at the temperature of 
maximum vaporization, required 152 sec- 
onds when heated to 395 deg. Fahr. One 
ounce of water which was introduced into 
an iron bowl three-sixteenths thick, at a 
temperature of 546 deg. Fahr., was vapor- 
ized in fifteen seconds, while at a temper- 
ature of 507 deg. Fahr., the most rapid 
evaporation was thirteen seconds. The 
cooling effect of metal is here exemplified 
by the increased rapidity of evaporation, 
which, at a reduced temperature of 38 
deg., is effected in thirteen instead of fif- 
teen seconds. This does not hold good 
in all cases, as an increased quantity of 
water, say from one-eighth of an ounce to 
two ounces, thrown on heated plates, 
raised its temperature of evaporation from 
460 deg. to 600 deg. Fahr. Thus clearly 
showing that the time required for the 
generation of explosive steam under these 
circumstances is attended with danger, 
and it is doubtful whether the ordinary 
safety-valves may not be wholly inade- 
quate for its escape. 


Corrosion. 


Corrosion, though we may retard its 
progress to some extent, will take place 
in and about the best protected boilers ; 
rust being an oxide produced by the action 
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of moisture and atmospheric air on sur- 
faces of iron exposed to it. 

After testing a boiler to nearly double 
its requirements by hydrostatic or steam 
pressure, minute leaks will break out, 
through various causes; hard firing and 
rapid cooling will produce the same. The 
usual coverings of boilers prevent the 
immediate discovery of such damage, and 
not until the harm is done are means 
used to check it. Leaks, unless caused 
by defects in the body of sheets, are found 
along the laps of seams, through defective 
rivets, and around the braces and angle 
irons. Over-pressure and unequal expan- 
sion and contraction are the causes; the 
latter shows the most ruinous effects by 
“furrowing” the sheets along the laps, 
and fracturing them, when braces with 
insufficient bearings are attached. Cor- 
rosion takes place mostly on the under 
sides of boilers, and sheets are often found 
of less than ; in. thick required to stand 


130 lbs. working, and eventually bursting | 
with pressure. The legs of fire-boxes and | 
bottoms of smoke arches are also liable to | 
suffer from this cause, as the leaks from | 


flues and seams and the presence of ashes 
produce a state so favorable. Internal 
corrosion progresses slowly; this may be 
accounted for by the comparative absence 
of air, and chemical combinations, which, 
to the present time, have not been suffi- 
ciently investigated. A singular phenom- 
enon presents itself in this connection: 
recesses are found, varying in size from 4 
to ? in. in diameter, and extending nearly 
through the sheet, singly and sometimes 
in groups. They are generally found on 
the bottoms and lower sides of boiler 
shells, in places covered with sediment; 
though never sufficiently explained, it may 
be due to the concentration of saline 
deposits of certain kinds of water, which 
adhere to the iron and gradually cause 
corrosion. 


Deposit of Sediment. 


Scale and other solid matter accumu- 
lating on the heating surfaces of a boiler 
will prove detrimental in time. The fur- 
nace sheets subjected to the intense heat 
are unable to transmit it to the water 
wherever such deposits interfere. The 
structure of the iron is by repeated heat- 
ings soon destroyed. The first indication 
of such a state, is the bulging of sheets, 
causing cracks; and if occurring on large 








surfaces not properly stayed, a liability of 
suddenly giving away exists. The lower 
portion of fire-boxes are especially liable 
to this action, and sheets are often found 
bulged between stay bolts, and in many 
cases the threads partly stripped. No 
other explanation is given, as over-pres- 
sure would show its effects on all stay 
bolted surfaces alike. Deposit will accu- 
mulate rapidly in the front ends of loco- 
motive boilers, causing flues to leak, and 
finally produce internal corrosion. Gene- 
rally the first course back of smoke arch 
will be affected by this before any other 
part of the boiler, and explosions have 
occurred from the gradual wasting and 
consequently weakening of the sheets. 


Explosions from Defective Steam Gauges and 
Safety Valves. 

Safety valves of proper proportion, and 
in good working order, are considered 
sufficient for the escape of steam gene- 
rated under ordinary circumstances. But 
there are certain conditions which may 
take place when steam is generated so 
rapidly, that they are useless even at ten 
times their usual area, and would not 
relieve the pressure in time to prevent ex- 
plosions. In many instances the valves 
adhere to their seats, where they have not 
been used for a time, and in this condition 
are of no avail. We frequently hear of 
explosions where this is one of the given 
causes. Safety-valves will not prevent 
explosions where boilers are weakened by 
corrosion, old age, and inferior material. 
If properly constructed and taken care of, 
they may be considered a safety as regards 
over-pressure to a certain limit. The 
same may be said of steam gauges, which 
are a convenient and ornamental indica- 


|tor, but are useless without care. At 


times the connection pipes become stopped 
by sediment, and it is not an uncommon 
occurrence to find them varying from 10 
to 40 lbs. This may account for explo- 
sions which have taken place when the 
gauge was said to have shown a certain 
pressure, and yet was far above that ac- 
tually indicated. Safety-valves and steam 
gauges are indispensable in all kinds of 
steam engineering, but, like many other 
attachments to locomotive boilers, are use- 
less unless in perfect order. 


Explosion from Deficiency of Water. 
This is mentioned as a source of danger, 
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and may well apply to boilers where | 
large shells or flues are thus exposed, as in 
stationary or marine boilers. In a loco- 
motive boiler, the crown sheet would be 
the first affected, and immediately after 
this the tubes, which would readily give 
warning. A properly stayed crown sheet 
and fire-box are the strongest part of a 
boiler when kept in repair, and engineers 
are generally aware of the condition of 
water. At times they run short, but ; 
always prefer cooling down before burning | 
a set of flues. 








The danger exists princi- | 
pally in the injection of water after the | 
sheets become red hot, which may bring | 
about the spheroidal state or cause frac- 
tures by contraction. Reliable pumps | 
carefully attended to are the only safe- 
guards. Water should be admitted ina 
part remote from the heating surface, so 
as not to cause contraction by the rapid 
absorption of heat. 


Explosions from Defective Construction. 


Faulty design and bad construction 
rank next as sources of danger. As a de- 
cided and varied opinion exists as to the 


proper and best shape of boilers, and dif- 
ferent plans have apparently done equal- 
ly well, we will only point out the one al- 


most universally adopted. Over the 
crown sheet the shell is raised from 4 to 
12 in. This part is usually connected to 
the shell by two sheets on top and part of 
sides, and fire-box by throat sheet. This 
and the top sheets have caused serious 
trouble on account of their shape and po- 
sition, and are more than any other af- 
fected by the action of expansion and 
contraction. The usual absence of scale 
may be taken as an evidence, and the 
leaks along the seam, and often fractures 
of the surface of sheets, which gradually 
lengthen. Equally dangerous is the 
raised part on wagon top ; this part form- 
ing the half of an ellipse, has a tendency 
to assume the shape of a circle, and if in- 
sufficiently braced and stay bolted, can 
never retain its shape, so essential to its 
safety. Crown bars too weak for the re- 
sistance required of them are often met 
with, and in many cases very inferior 
material is used. By making the bars 
strong, and tying the dome and shell to 
them, thereby producing a counter strain, 
the danger from this caus? is avoided, and 

the boiler must retain its original shape. | 
Explosions have occurred from defective | 





and improperly shaped crown bars. The 
usual manner of thimbling between the 
crown sheet and bars is a matter of impor- 
tance. We frequently find thimbles from 2} 
to 3in. in diameter and § of an inch thick, 
bringing the bars too near the sheet, and is 
more liable to collect scale, which is difficult 
to remove by the ordinary means. Thim- 
bles of the above dimensions form too 
great a body of iron, causing the sheet at 
the rivet to crack in various directions, 
weakening and destroying the material, 
which is hable to give away without warn- 
ing. The proper size of stay bolts and 
the distance between them is a simple 
calculation, but the reckless mode of lay- 
ing them out, that in many cases the in- 
side and outside holes do not coincide in 
the line of their longitudinal strain by in- 
ches, is often met with. Stay bolts, espe- 
cially the upper ones, are liable to give 
out where proper braces above the crown 
sheet are omitted. If one or two give out 
the rest will soon follow, by reason of an 
increased strain on the remainder; and 
cases where 2, 3 and 4 rows have given 
out isno rare occurrence. The sounding 
of stay bolts in the usual way cannot al- 
ways be relied upon, as broken ones will 
gather scale between the ends, and sound- 
ing can only be intrusted to the best of 
experts. Frequent explosions have oc- 
curred from the gradual breaking and 
suddenly giving away of stay bolts, and, 
being hidden from sight, some means 
should be devised by which they may be 
detected. As a remedy for this, we 
would suggest the adoption of hollow 
bolts, with holes drilled through them 
about 4 of an inch or less in diameter. 
This would increase the cost to some ex- 
tent, but the advantage would be, in case 
one should break either partially or to- 
tally, it would soon make itself known, by 
the discharge of steam and water through 
it giving due warning, and by replacing 
with another would relieve the balance 
from extra strain. Plugging the bolts on 
the inside when first put in would prevent 
(in case of a broken one) the discharge of 
steam in fire-box forcing it to the outside, 
which could be easily plugged, and pre- 
vent delays untii replaced. This plan is 
adopted by many of the Continental 
railways, proving: a success, and in many 
instances preventing explosions. The 
frequent variation of pressure together 
with the tensile strain upon such parts of 
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the boiler as are not perfectly sound 
and properly stayed, is one of the most 
powerful agents of destruction. The 
laps of seams have with few exceptions 
been held together parallel with the sur- 
faces of the sheet. Although a universal 
practice, we will compare it with a second 
one coming into favor, and based on ex- 
periments made with the two kinds. It 
has been demonstrated, that a seam sub- 
jected to a severe strain assumes a shape 
in which the centre line of one sheet 
tends to strike the centre line of the 
other, forcing the edges out of their par- 
allel position. Trials seem to prove the 
latter the rational shape, and enduring 
the greatest strain. This plan of shaping 
the sheets at the laps has a tendency to 
retain their natural position, and the dif- 
ference in pressure would not cause them 
to change their shape and weaken them 
by the constant working at their connec- 
tions. 

We will briefly investigate the manner 
and manipulation of building boilers, the 
common abuses practised so generally : 
Ist. The loose manner in which the holes 
are laid out, and as a consequence the 
use of drifts, to make a bad job worse. 
Through the ignorance or neglect of 
workmen, the holes do not come right by 
sometimes half their diameter ; are drift- 
ed until the sheet is fractured and the 
material destroyed. This habit cannot 
be too much reprehended, and the use of 
drifts, although considered indispensable 
by many good boiler makers, is produc- 
tive of more mischief than good. 2d. 
The flanging of sheets has often destroyed 
the best material before the work was 
put together, especially turning flanges 
too short, causing cracks and flaws. Lo- 
comotive boilers working with 130 lbs. 
pressure are like magazines of powder, 
and we have enlarged on the details with 
a view of impressing its defects on the 
minds of all concerned. Too much care 
cannot be taken in their construction and 
management, and no man should be in- 
trusted with it that shows a disposition to 
recklessness or neglect. 

But in many cases, well-constructed 
boilers are injured by appliances of either 
convenience or luxury, which tend to 
shorten its life and increase the cost of 
repairs without giving any equivalent. 
Considering its purpose and the strength 
required, all unnecessary appendages 





should be avoided as detrimental to its 
existence. An opening, however small 
and well stopped, is an invitation for 
leaks. Good covering for the purpose of 
preventing radiation is necessary, but we 
call attention to the prevailing rage which 
hides dangerous defects and makes the 
vital part of a locomotive a camel's back 
for every conceivable contrivance. The 
following is the percentage of explosions 
assigned to different causes as received 
in answer to the foregoing questions : 
To faulty design, bad construction, poor material, 
and carrying more pressure than boilers under 
such circumstances are able to bear 9 


To broken stay bolts. .........cc.csescevccece 3 
To corrosion 


The latter may be attributed to defec- 
tive steam gauges and safety-valves, or 
by accepting the theories mentioned. 
The reported cases may be relied upon 
as being correct, and, although limited, 
must furnish a basis for conclusions until 
a greater number, or more detailed de- 
scriptions are obtained. It appears 
to be a positive fact that by far the 
greater number of explosions can be traced 
to rational causes, and _ speculations 
with its theories and unfailing prevent- 
ives can only be exercised in exceptional 
cases. Locomotive building, though it 
has long ceased to be considered an art, 
requires the utmost attention in respect 
to general design, construction, and the 
selection of material. The locomotive 
from the date the first engine was placed 
on the track by the Father of Railways 
has a brighter record than any other 
branch of Mechanical Engineering. An 
extraordinary succession of improvements 
marks its course, and it is more to be re- 
gretted that explosions take place where 
supernatural causes are given, though it 
is universally admitted that steam is a 
controllable agent to all intents and pur- 
poses. 

All of which is respectfulfy submitted. 

J. Losey, 
Wm. HeEttar, 


} Committee. 





PLAN for uniform railroad gauge is un- 

der consideration by railroad men and 
members of Congress. Five-sixths of the 
roads already have the same gauge—4 ft. 
8} in. The expense of changing will not 
exceed $500 a mile. 
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GLYCERINE—ITS USES AND ABUSES. 


By Pror. C. A. JOY. 


From “ The Journal of Applied Chemistry.” 


A few years ago glycerine was only 
known to scientific men ; but now it is so 
extensively employed as to be familiar to 
everybody. Scientifically, it appears to 
be a species of alcohol; popularly, it is the 
sweet principle of oil. For many years it 
was thrown away, but now it is saved and 
converted to numerous uses. Few chem- 
ical compounds have increased so rapidly 
in public estimation as this. From being 
regarded as a waste product, it has grown 
to be as valuable as its former proud as- 
sociates, and appears destined to take a 
most prominent place in the arts. It ex- 
ists in oils and fats, and as it was not 
essential in the process of making soap 
and candles, and no use could be invented 
for it, it was either destroyed or allowed 
to flow away. We are sorry to say that 
at the present time a great quantity flows 
down the throats of a long-suffering and 
much deceived wine-drinking public, in- 
stead of passing through the spout of the 
soap and candle maker. We do not pro- 
pose to go into a long account of the way 
glycerine is manufactured, because any 
one curious upon that point can easily 
turn to an encyclopzedia for information, 
but we know that it will interest our rea- 
ders to learn something of the recent ap- 
plications of this substance. 

Housekeepers will be glad to know that 
if tubs and pails are saturated with gly- 
cerine, they will not shrink and dry up, 
the hoops will not fall off, and there will 
be no necessity of keeping these articles 
soaked. Butter tubs keep fresh and sweet, 
and can be used a second time. Leather 
treated with it also remains moist, and is 
not liable to crack and break. 

For the extraction of perfume from rose 
leaves, from scented woods, from bark, 
from gums, there appears to be nothing 
better than glycerine, and this use of 
it. is constantly on the increase, as the 
most delicate odors are perfectly pre- 

erved in it. 

A soft soap, in which glycerine enters 
as a constituent, is highly prized in cold 
weather, when the hands become chapped, 
and can be used for washing in hard 
water. 

For wounds and sores, and bites of ven- 





omous insects, glycerine is found to be a 
most valuable substance, as it either pre- 
vents the mortification of the parts, or it 
can be used to carry the remedies to coun- 
teract the effects of poison. 

To preserve animal substances from 
decay, glycerine is now substituted for 
alcohol, in collections of Natural His- 
tory, and it is employed to keep many 
articles of food from undergoing decom- 
position. 

As it requires an intense cold to freeze 
it, even when mixed with its own bulk of 
water, it is largely employed to fill the wet 
gas metres. 

Some kinds of candy, chocolate, confec- 
tionery, and fruit, which are preserved in 
tin foil, are kept moist by a small quantity 
of glycerine. 

Delicate chronometers, clocks, and 
watches are lubricated with it. Copying- 
paper and wall-paper, for taking fancy 
colors, are also kept moist by a small 
amount of glycerine used in this manufac- 
ture. 

In pharmacy, for the preservation of 
pills, to mix with many substances, in com- 
pounding prescriptions, and in more ways 
than can easily be remembered, glycerine 
now plays an important part. 

In the arts it finds its way as the best 
wash for the interior of moulds in the 
casting of plaster figures, to prevent the 
gypsum from adhering to the sides of the 
mould. 

In dyeing with some of our beautiful 
organic colors, glycerine is extensively em- 
ployed with the best effect. 

In chemistry it is used to prevent the 
precipitation of the heavy metals by the 
alkalies, and is thus a re-agent in anal- 

sis. 

. For making an extract of malt to im- 
prove or spoil, as the case may be, the 
beer manufactured in the usual way, gly- 
cerine has recently attracted a great deal 
of attention, and been the object of exten- 
sive speculations, if not of impositions 
upon the public. 

In the preparation of ligeurs it has been 
found to be admirably adapted for pre- 
serving the characteristic flavors of these 
compounds, and it has consequently be- 
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come the great favorite of this class of 
manufacturers. 

As glycerine is a remarkably stable com- 
pound, it is adapted to the preservation of 
wines, and this legitimate use of it has 
suggested to the adulterators of liquors 
an extensive fraud upon the community. 
Vast quantities of glycerine are annually 


manufactured, and as the known uses of | 
it will not account for the consumption of 


more than a small fraction of what is made, 
it is difficult to explain the disappearance 
of the remainder. What takes place in 
the dark champagne vaults and cool sub- 
terranean wine cellars, evidently will not 
bear the light of day, and hence we nei- 


ther see nor hear what becomes of the | 


great stream of glycerine that is known to 
flow into them. Fortunately, it is not a 
poisonous substance, and its use for adul- 


| all—its extensive application in the manu- 
facture of nitro-glycerine. This explosive 
oil is made by treating glycerine with ni- 
tric and sulphuric acids in a peculiar man- 
ner. It has been known to chemists for 
some years, but it is only recently that a 
Swedish engineer has had the hardihood 
to propose it as a substitute for blasting 
powder. Its introduction has been at- 
tended with fatal consequences to many of 
the pioneers and earliest adventurers who 
have experimented upon its properties, but 
it is making rapid progress to public favor, 
and, in a few years, will, beyond all ques- 
tion, displace the old-fashioned blasting 
powder, and reign initsstead. By mixing 
| the oil with sand, a solid explosive agent 
| has been made, which is called dynamite. 
_ This is much less dangerous than the oil, 
and nearly as destructive in its effects, as it 





teration is consequently attended with | contains seventy-six per cent. of nitro-gly- 
less detriment to our stomachs than to our | cerine. A patent percussion-cap and safety- 
pockets. Whether the coming man will | fuse is required for the explosion of dy- 
drink pure glycerine instead of wine, must | namite, and, according to all accounts, it 
be left for future consideration. | appears to be less dangerous than gun- 
It has been discovered that glycerine | powder. 
can be fermented into alcohol with chalk| The glycerine, which has come into no- 
and cheese, and it may be possible hereaf- | tice within a few years, has become an ar- 


ter to manufacture alcohol in this way. ticle of great importance, and as its con- 


The discovery is an important one,and may | quests are daily extending, we may expect 
suggest some improved and cheap method | to become very familiar with it, and to 


for obtaining alcohol and acetic acid. 
The last use of glycerine that we shall 
mention is, perhaps, the most important of 


| learn to appreciate it as another valuable 
contribution of chemical science to the 
‘ordinary wants of man. 





SILT EMBANKMENTS. 


From “ Engineering.” 


Few of our readers are ignorant of the 
construction of the beaver dam, in which 
the economic employment of natural forces 
is adopted by the beaver, for the purpose 
of damming up the streams of rivers—an 
operation which,when undertaken by man, 
generally necessitates the employment of 
a vast number of laborers, much machin- 
ery, and great expense. The cost of such 
works in India has always been consider- 
able, whilst there also exists a need of them 
far surpassing what is felt in any other 
country in the world. The monsoon sea- 
sons, during which part of the year alone 
does any great quantity of rain fall, in- 
variably flood the rivers of India, their 
waters being carried away to the sea, leav- 
ing the parched land, during the dry sea- 


son, without that supply of moisture 
which required only the work of man to 
store up during its abundance, against the 
time when its need is most felt. At the 
foot of all mountain ranges, whence most 
of the rivers derive their source, there ex- 
ist many valleys which only require bund- 
ing across on one side in order to convert 
them into gigantic reservoirs, and which, 
being filled during the rains, would retain 
a sufficient supply of water to the rivers 
which formerly drained their catchment 
basins to maintain in them a running 
stream for the greater portion, if not for 
the whole, of the dry season, and which, 
by suitable arrangements, might be utiliz- 
ed for irrigating the adjoining lands, thus 
materially contributing to an increase of 
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the food supply of the country, at the 
same time that, by preventing floods at 
another portion of the year, the land 
would be protected from injury by inun- 
dations. The expense of such works has 
naturally led to their limited construc- 
tion, whilst many parts of India are in 
urgent need of them. There has now, 
however, been in progress for nearly 18 
months the experimental construction of 
an embankment by the “silting ” process 
across the head waters of the Bhowany 
River, below the junction of the Porty and 
Avalanche nullahs, on the line of road 
which is being formed to connect the 
Neilgherry and Koondah hill ranges in 
the Madras Presidency; the result of which 
will not only shorten the distance by about 
4 miles, but it will also inclose a vast 
reservoir, to be called Lake St. Lawrence, 
of capacity sufficient to supply irrigation 
to some 2,000 acres ofland. This system of 
embankment formation was first brought 
to the notice of the Indian Government 
by Mr. W. G. McIvor, superintendent of 
the Government Chinchona Plantations at 
Ootacumund ; and although the prineiple 
met at first with much opposition from 
certain leading Government engineers, 
that gentleman was ultimately intrusted 
with the duty of carrying out the above- 
named work, as an experimental measure, 
under his own individual superintendence. 

Twelve miles and a half from Ootacu- 
mund in a southwesterly direction, and 
near the Avalanche, is a stream of water 
called the Porty River. This stream flows 
through the valley between the Khoondahs 
and Neilgherry hills, and is the main 
branch of the Bhowany River, which, find- 
ing its way to the low country near Met- 
tapolliem, and flowing through the Coim- 
batore district, empties itself into the 
Cauvery. This river winds its way be- 
tween the hills, and at a point where, by 
their converging together, the valley be- 
tween is narrowed, the embankment is 
being thrown across from hill to hill; it 
will be over a quarter of a mile in length 
at the top, and will rise to a height of 150 
ft. above the level of the bed of the river, 
throwing back the water and forming a 
magnificent lake 5 miles in length by 24 
miles broad. Several hills which now ap- 
pear of considerable magnitude will be 
submerged, and others rising to a greater 
height will show but their heads above 
water, dotting the lake here and there 





with islands. This lake will contain 30 
million cubic yards of water, and to with- 
stand its enormous pressure, the embank- 
ment at its base is 700 ft. thick. The esti- 
mated total cost of this gigantic work, in- 
cluding the construction of an under-sluice 
or culvert, is only 25,000 rupees, or £2,500. 

The two requisites for this silting pro- 
cess are a stream of water above the level 
of the top of the intended embankment, 
and a supply of earth sufficient to form 
the dam. The nearest available hill sup- 
plies the latter, while one of the streams 
in use for the former purpose has been 
brought from a distance of about 10 miles. 
The hill to supply the earth having been 
selected, and the silting stream brought to 
the scene of operations, a trench some 6 ft. 
deep is cut along one side of the hill, 
which is continued by means of a narrow 
channel to the spot where the embank- 
ment is to be formed. At both ends of 
the intended bund a deep and wide trench 
is formed, extending from hill to hill and 
the earth thrown up on the outer side, or 
else the whole of the earth on the spot 
where the intended bund is to rest is 
taken away ; the object being to remove 
the surface earth, roots of trees, etc., 
which on decaying would allow the water 
to percolate through the soil under the 
dam. In either case a low wall of earth 
is formed by heaping up the mud at either 
end of the intended bund, just sufficient 
to confine the water coming from the silt- 
ing stream. 

The water from the stream being turned 
over the hill-side,detaches the earth, which, 
falling to the bottom, is carried away in 
the trench to the spot where the bund is 
to be formed. Arrived here the silt- 
charged stream flows over the enclosed 
area, where, being ponded in, it deposits 
its burden, thus gradually raising the bund 
inch by inch in height, and the clear water 
is then allowed to flow away through a 
small orifice made in the mud wall at the 
opposite end of the bund. Thus the work 
is continued night and day, all the atten- 
tion required being the services of a man 
to keep an outer wall of earth always 
slightly higher than the, constantly rising 
bund, to prevent the immediate escape of 
the water and give time for the silt to de- 
posit, and to bring the silting stream al- 
ternately into the opposite ends of the 
bund. The object of this latter operation 
being to make the bund of uniform 
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strength, for as the silt is the first to be 
deposited, that part of the bund where the 
stream enters receives the heavierparticles, 
while the lighter sediment in suspension, 
taking a longer time to deposit, falls on 
the more distant part, and so by alterna- 
ting the entrance and exit of the stream, 
silt and sediment are deposited evenly over 
the bund in alternate layers. 

So far as the work has hitherto pro- 
gressed, its success has been complete, 
and we learn that some of those engineers 
who previously doubted the soundness of 
the principle have now become willing 
converts. Upon the success, however, of 
the Neilgherry experiment—which may 
now be said to have been insured—there 
depends a still more important project. 
Besides the heavy rain-fall that deluges 
Travancore every southwest monsoon, the 


country to the sea is lavishly watered by 
rivers from the Western Ghauts, while Ma- 
dura, on the other side of the water-shed, 
has few streams and less than 30 in. of 
rain. It is accordingly proposed to form 
a bund, by this silting process, across the 
channel of the Perriar flowing to the west, 
and thus to divert a portion of its current 
into the Vigay, a river in Madura, rising 
near the source of the Perriar in the 
Western Ghauts. This project, it is ex- 
| pected, will prove very costly ; but the 
|importance of the object is considered 
quite sufficient to warrant the outlay that 
will be necessary. In the words of Lord 
|Napier, the main difficulty of the work 
“lies in the construction of a dam of un- 
precedented magnitude, partly in the bed 
of a furious torrent, and in a distant, de- 





serted, fever-stricken region.” 





A YEAR’S STEAM BOILER EXPLOSIONS. 


An interesting and elaborate report has | return for the year 1869 will be 62 explo- 
been prepared by Mr. L. E. Fletcher, | sions, resulting in 92 deaths, and 130 
Chief Engineer to the Manchester Steam | cases of injury. Explosions clearly are 
Users’ Association, giving details of the not on the decrease, as will be seen from 
boiler explosions which occurred during the following table, which does not in- 
the year 1869. Referring first to the work | clude those explosions which have sprung 
of the Association, we find that during the | from kitchen, from ventilating, and tar 
past year 5,910 boiler examinations were | boilers: 
made by the officers of the Association, | . . . 
3,848 of these being external, 80 internal, | — ot gag 4 of oo = ogee 
58 in the flues, and 1,924 entire. This is | “Number of Persons Killed and Injured thereby. 
the highest number of entire examinations ——————————— 
attained in one year in the Association’s | 
history; and, if added to the internal and | 
flue examinations, it amounts to more than | 
one for each boiler enrolled. The result | 
of these examinations was that 1,331 de- 
fects were met with, 83 of them being 
dangerous, many of which would, if undis- | 1 
covered, have ultimately led to explosion. 
On the whole, however, Mr. Fletcher re- 
ports that the general standard of boilers 
1s improving, greater attention being paid | 
to minor details, the importance of which 
is beginning to be realized. Total for 7 years 339 

Turning to the number of explosions | 
that occurred during the year 1869, 
throughout the country, we find the total 
to be 58, by which 86 persons were killed 
and 126 others injured. If, however, to 
this be added the two kitchen boiler ex- 








| 


| Number of 

| Explosions, 
Persons 
Injured 
Total. 








212 








476 


611 | 1,087 


} 
7 | 155 





Average for each year. 








48 | 68 





From the foregoing table it will be seen 
that the number of explosions during 1869 


plosions and the two tar boiler explosions 
which occurred during the past year, the 


was above the average, and supports the 





estimate given on previous occasions, that, 
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as a rule, one steam boiler explodes every 
week, or in round numbers 50 explode 
every year, killing 75 persons. As in 
previous years, the scene of the catastro- 
phe has been visited in the majority of 
cases by officers of the Association, and 
the cause of the explosion investigated, 
full particulars being recorded at their 
offices. From these records Mr. Fletcher 
has prepared an elaborate tabular synop- 
sis of the explosions that have occurred 
during the year 1869, which give the pith 
of the information respecting them. The 
length of this synopsis excludes it from 
our columns, but to the members of the 
Association, and in fact to all steam users, 
it will prove valuable as a record for ref- 
erence as to cause and effect in these lam- 
entable catastrophes. For further con- 
venience, however, Mr. Fletcher has ar- 
ranged the 58 explosions recorded in the 
tabular synopsis under three heads. One 


the service in which the boilers were en- 
gaged, another the general class or con- 
struction of the boiler in each case, and 
the third the causes from which the ex- 
plosions sprung. These are given in the 
following tables : 


TABLE No. 1, 


Showing the Service in which the Boilers were en- 
gaged from which Explosions arose in the Year 
9. 








DESCRIPTION OF SERVICE, 


Persons 


Persons 
Killed. 
mno co mnocra oSmnoh | Injured, 


Number of 
Explosions. 


| 





to 


or rPoDpon de-N o 


Collieries 

Tin and other mines 
Ironworks 

Steamboats and Steam Tugs 
Paper Mills 

Agricultural 

Locomotive 


soa 
aon 
a 


os 


Steam Crane..... be ibewabeerilaee's 

Cotton Mill........... a Pe eee 

Woolen Mill 

Miscellaneous :—1 Rice Mill ; 1 Saw 
Mill; 1 Bleach Works; 1 Brick 
Works ; 1 Chemical Works ; 1 Oil 
Works; 1 Shipbuilding Works ; 
1 Tin Works ; 1 Wire Works; 1 
Gun Implement Manufactory... 


Ec kcndetsancassacene Pr 


10| 6 


58 | 86 |126 














On a consultation of the above table it 
will be seen that more explosions occurred, 





as in previous years, at collieries, mines, 
and ironworks, than at any other works, 
while those at ironworks were of a much 
more fatal character than those either at 
mines or collieries. Numerous as cotton 
and woolen mills are, only one explosion 
occurred at a cotton mill, and one at a 
woolen mill. The following table shows 
the class of boiler from which explosions 
arose in the year 1869 : 


TABLE NO. 2, 


Showing the different Classes of Boiler from which 
ions arose inthe Year 1869. 








Number of 
Explosions 
Persons | 
Killed, | 
Persons | 
Injured, | 





Plain cylindrical, egg-ended, cam- 
ber-ended, and flat-ended (exter- 
nally fired) 

Single-flued or Cornish (internally 
fired) 

Double-flued or Lancashire (inter- 
nally fired) 

Multitubular marine type (inter- 
nally fired) 

Double furnace « breeches,” and 
double furnace _ conical 
water tube (internally fired) 

Portable, vertical, es | locomotive 
type (internally fired) 

Railway locomotive, y aliitubular 
(internally fired) 

Furnace boilers, heated by flames 

ing of from iron furnaces :— 
One horizontal double-flued (in- 
ternally fired) 
One vertical (externally fired). 

Wagon (externally fired).. 

Rag boiler (no fire, heated by steam) 

Particulars not precisely ascertained 


58 














On a consultation of the above table it 
will be seen that more explosions arose 
from, and more persons were killed by, 
the plain cylindrical, externally-fired class 
of boiler than any other. The introduc- 
tion of the internally-fired Lancashire 
boiler in the place of the plain, cylindrical, 
externally-fired, would certainly be pro- 
ductive of safety, and it is thought, of 
economy. 

All boiler explosions may, as a rule, be 
attributed to the neglect of the boiler 
maker, the boiler owner, or the boiler 
minder. Looking at the following table, 
it will be seen that 26 explosions were 
due to the boiler maker, 15 to the boiler 
owner, and 7 to the boiler minder. While 
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it is important that it should be known 
that a large proportion of the explosions 
that occur are due simply to bad boiler 
making, it should not be overlooked that 
the boiler maker is very much under the 
influence of the boiler owner, and, there- 
fore, the responsibility must be shared be- 
tween the two, which gives the boiler 
maker and the boiler owner together 41 
explosions to answer for, against 7 by the 
boiler minder, or 6 to 1. 

The third table shows the causes from 
which explosions arose in the year 1869 : 


TABLE No. 3, 


Showing the Causes from which Explosions arose in 
the Year 1869. 








Cause oF ExPLosion: 


Number of 
Explosions, 
Persons 
Injured. 


| 
| 





Malconstruction :— 
External firing 
Collapse of flue tubes... 7 
Weak manholes 4 
Want of stays 
Defective condition :— 
External corrosion 
Internal corrosion 33 
Overheating through shortness of 
in cane 4bakens oc nuegenceee 10 
Overheating from the use of boiler 
compositions 0 | 
Overheating —but cause of overheat- 
ing requires further investigation. ai 6 
Cases in which full particulars have 
not been obtaine 8| 4 | 9 


—— | —- __—_ 


58 | 86 | 126 














The above table shows how easily these 
explosions could have been prevented. 
The 11 explosions due to extornal firing 
could have been prevented by the adop- 
tion of the Lancashire boiler, in such 
general use in the cotton mills in this dis- 
trict, and from which so few explosions 
arise. The 7 cases of collapse of flue 
tubes might have been prevented simply 
by the addition of encircling hoops, 
flanged seams, or other suitable strength- 
ening appliances. The 4 weak manholes 
could have been strengthened with mouth- 
pieces. The 4 cases of want of stays 
could have been corrected by due calcu- 
lation. The 15 plates wasted by external 
and internal corrosion might have been 
detected in time to have prevented explo- 
sion by competent examination, while the 
7 cases of overheating through shortness 





of water, though due to neglect of at- 
tendants, might, in the majority of cases, 
if not in all, have been prevented by a 
liberal complement of fittings, and the 
adoption of a low-water safety-valve. 
Thus the causes of nearly all explosions 
are under control, and these disasters, as 
has been said on so many previous occa- 
sions, may, as a rule, be prevented by the 
exercise of common knowledge and com- 
mon care. 

Simple as the causes of these explosions 
were, the investigations conducted by 
coroners with regard to them were, in the 
majority of instances, most unsatisfactory, 
and the verdicts positively mischievous. 
Too frequently only incompetent witnesses 
were examined, and explosions resulting 
from glaring defects in the boilers were 
pronounced to be inscrutable and inevitable ; 
in consequence of which, boilers as deadly 
as those which had given rise to the ex- 
plosions under consideration were allowed 
to be worked on without warning, at the 
peril of the lives of the poor men around 
them. 

Constant reference to these subjects 
may appear monotonous, but those who 
are brought face to face with the devasta- 
tion produced by these catastrophes are 
stirred with a strong sense of indignation 
at such evidence on these occasions. In 
one instance to which reference may be 
made, six persons were injured, one of 
them fatally, as well as a woman ‘widowed 
and a family orphaned, simply by the ex- 
plosion of a grossly malconstructed boiler ; 
yet, on an investigation by a learned coro- 
ner and his jury, the catastrophe was 
pronounced to be accidental, and every one 
connected with it acquitted of responsi- 
bility. The man was killed, and he must 
be buried, but it could not be helped, and 
there was an end of the whole matter. 
The owners were at perfect liberty to set 
to work another boiler, as defective, and, 
therefore, as deadly as the last, and to 
work on till another explosion should 
occur, and other men should be slaugh- 
tered, as well as others injured, other 
women widowed and other children or- 
phaned ; when again, by the help of an- 
other learned coroner and his jury, the 
whole transaction would be once more 
condoned, the boiler pronounced good, 
the owners careful, and the only remain- 
ing duty declared to be to bury the dead 
out of sight of the liying, and to go on as 
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before. Such isa simple recital of an almost 
every-day occurrence, and the question 
arises, how is it that such a state of things 
is allowed to exist? The answer isa sim- 
ple one. Those who are killed are only 
poor stokers, who are too friendless and 
too ignorant to defend themselves. Let 
75 boiler owners be blown to pieces this 
year instead of 75 of their firemen, and 
then boiler explosions would at once 
cease to be considered mysterious, the 
cause of each would become as clear as 
daylight, and their recurrence would be 
at once put a stop to. At all events, the 
Manchester Steam Users’ Association is 
resolved to be clear in this matter. It has 
for years investigated the circumstances 





attending nearly every explosion that has 
occurred, and circulated broadcast sound 
information with regard to their cause. It 
has endeavored to sweep away all mystery 
with regard to this subject, and to show 
steam users how to prevent the explosion 
of their boilers, and the slaughter of 
their workpeople ; and as long as explo- 
sions continue*to occur, from the use of 
glaringly malconstructed and old worn- 
out boilers, it will persist in circulating as 
widely as possible full particulars with 
regard to them, and in declaring that 
explosions generally are not the result 
of accident but simply of neglect, and 
that they might be and ought to be pre- 
vented. 





SEWAGE AND THE LAND. 


From “The Builder."* 


In the course of the discussion which 
followed the reading, by Mr. W. Hope, at 


the Society of Arts, of a paper “On the! 


Use and Abuse of Town Sewage,” 

Mr. R. Rawlinson, C.B., said he believed 
the most difficult land to irrigate would 
be a large area of comparatively flat land. 
He believed the most favorable was that 
having a limited contour elevation, and he 
should not even object to rather steep 
gradients in some instances, provided that 
the sewage at the commencement was 
sufficient for gravity, even if they had to 
go to some expense for pumping. His 
reason was this, that in irrigating land 
having a considerable fall, the engineer 
could pass his sewage by contour grips 
and lines over the upper areas, could then 
get it over the intervening portions into a 
second line of carriers, and as it was al- 
most impossible to take out all the fertil- 
izing qualities of sewage by once passing it 
over and through any table-land area, he 
could pass it over twice, thrice, or even 
four times beneficially, and he could then 
discharge the water from the last carriers 
as pure as ordinary spring water. He did 
not say they would ever arrive at that 
pitch of perfection when it would be safe 
to recommend the clarified water from 
subsoil drains for culinary and drinking 
purposes, although he knew at that mo- 
ment of an instance in which the strongest 
sewage he ever heard or knew of was used 
by the adjoining residents in this way as 





it flowed from the subsoil drains, and that 
was at the farm at Aldershott ; and as 
this was the most perfect system of sewage 
irrigation that had come under his obser- 
vation, a word or two in description of it 
might be allowed. It was perfect in every 
respect, not only because the difficulties 
overcome were the greatest, and the sew- 
age by far the strongest, but because the 
results were by far the best. The Alder- 
shott Camp Sewage Farm consisted of 
about 98 acres of land, which was, as an 
old north country farmer once said, worth 
“nowt” an acre. It was absolutely worth- 
less, consisting of 90 per cent. of sand, 
with a mixture of peroxide of iron, which 
was absolutely poisonous. Mr. Blackburn, 
the engineer who had charge of the works, 
and who, fortunately, had had some ex- 
perience in agriculture, broke up the sub- 
soil, washed out the peroxide of iron, 
drained it, and laid it under a sewage irri- 
gation of from 200,000 to 400,000 gals. per 
day, the sewage coming from the camp, 
and containing 20 grains of ammonia in 
the gallon ; and an analysis showed that, 
while it had 20 grains of strong phospho- 
ric acid to the gallon as it flowed on the 
land, the: water from the subsoil drains 
only had half a grain. Mr. Blackburn 
said it was of no use to irrigate land with 
sewage on the surface, or to plough it in 
the ordinary way; he invented a plough 
for the special purpose, and broke up the 
subsoil to a depth of 20 in., and having 
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irrigated that well with sewage, he got a 
crop of Italian rye grass of from 70 to 80 
tons to the acre. After two years he laid 
down a breadth in potatoes, which he sold 
on the ground at £25 per acre, the pur- 
chaser being at the cost of digging and 
taking them away, and leaving the tops 
behind as a solid dressing for the land of 
considerable value. In the same autumn 
the land was broken up, prepared and 
sown with Italian rye grass, which he him- 
self saw showing 2 in. above the surface. If, 
however, a good profit was to be made 
out of land irrigated with sewage in the 
vicinity of a town, it should be made to 
produce every kind of garden produce 
used in the community, all kinds of grain 
crops being avoided, as entailing only 
waste of labor, land, and money. Italian 
rye grass, mangolds, potatoes, cabbages, 
French beans, and lettuces, could all be 
grown with advantage, but they required 
special knowledge and special care ; for 
some must not be irrigated at all while 
the crop was in the ground, whilst others 
required quite a different treatment. In 


this way as much as from £100 to £200 
per acre of gross receipts might be ob- 


tained, for he had seen a return made by 
persons on whom he could place implicit 
confidence, showing with a crop of cab- 
bages and cabbage-plants a gross return 
equal to £200 per acre. Between this and 
the ordinary produce of £5 to £10 per 
acre was a wide margin, quite sufficient to 
induce efforts in this direction. They 
were on the threshold of this question, 
and only just beginning to understand it ; 
and as there had been so much joint-stock 
enterprise of late, he would suggest to 
any gentlemen who wished to make their 
fortunes that they could not do better 
than form an honest company and go to 
some of the distressed towns which had 
been described as in the clutches of the 
Vice-Chancellor, and treat with them for 
their sewage and the land necessary to 
utilize it. He knew many towns which 
would receive them with open arms, and 
let them have the land at a fair agricul- 
tural price, and let them have the sewage 
in for nothing ; and if there was any truth 
in chemistry, this could hardly be a bad 
bargain. But, at the same time, it must 
be conducted with knowledge and care, 
for he himself was concerned in a specu- 
lation of that kind where both the sewage 
and the land were as good as any in Eng- 





land, and the climate propitious; but, 
owing to defective management in some 
way, they only got a dividend of 14 per 
cent., whereas, by letting it in the ordi- 
nary way, having bought it on good terms, 
they could have realized 5 per cent. There 
were, therefore, two sides to the sewage 
shield, as to most others; but he believed, 
nevertheless, that in the proper applica- 
tion of this system there was a mine of 
wealth, by bringing common sense to bear, 
and avoiding blunders which had already 
been committed. On the other hand, in 
many places it had become a sheer neces- 
sity to do something of this sort, in order 
to avoid poisoning the rivers, and would be 
more and more so every day. Before sit- 
ting down, he would say that the man 
who could solidify sewage and make it a 
portable manure, could invent perpetual 
motion and square the circle. The most 
perfect chemical researches had yet failed 
to do more than take out one-seventh of 
the valuable properties of sewage in solid 
form; and taking a ton of sewage as being 
worth 17s. 6d., and treating it in any pos- 
sible way—and he spoke from having been 
associated on the Commission with some 
of the first chemists of the day—the result 
would be to take out solid matter to the 
value of 2s. 2d., and leave 15s. 4d. worth 
to go away with the effluent water, which 
might nevertheless appear perfectly pure 
and bright. On the other hand, when 
liquid sewage was passed through 20 in. 
of soil, it had but the barest trace of these 
valuable salts left in it. This, therefore, 
was the only true and profitable chemistry. 





TEEL Borter.—At the Fort Pitt Iron- 
works, Pittsburg, Pa., a cylindrical 
boiler was constructed last year of steel 
plates } in. in thickness, by that establish- 
ment, for the Government, with a view to 
testing its adaptability to such use, rela- 
tively with the iron. It was tested with 
cold water in presence of the proprietors 
of the works, the Government engineer 
officer—under whose supervision it was 
built—the eminent constructing and me- 
chanical engineer Thatcher Perkins, and 
others. Measurement of the girth of the 
boiler was made, with a steel tape, before 
and during the process of pumping in cold 
water, and when the pressure reached 
780 Ibs. an enlargement of 37 in. was found 
to exist, and at 820 lbs. rupture occurred. 
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DE-RAILMENT OF RAILWAY TRAINS. 


From “Engineering.” 


All engineers who have had experience 
in railway management are familiar with 
cases in which accidents have arisen from 
engines or carriages leaving the line with- 
out, apparently, any sufficient reason. No 
doubt in the vast majority of instances, 
when a train leaves the line, there is evi- 
dence to prove why the de-railment took 
place; but this is not always the case— 
and in many an instance the subsequent 
investigations which have been made have 
failed to show the causes which led to the 
accident. Now, an accidert which is ac- 
counted for is bad enough ; but an acci- 
dent which is unaccounted for is far worse, 
for in the latter case no experience is 
gained which may lead to the avoidance of 
a disaster in future. For this reason we 


consider that whenever a mishap of the 
kind of which we are speaking occurs, no 
trouble should be spared in determining, 
if possible, its real cause; and if this cause 
is one which is not generally known, in- 


formation concerning it should be dis- 
seminated amongst those whom it inter- 
ests. It has been often stated that a 
record of engineering failures would be 
more instructive than an account of engi- 
neering successes, and to no class of fail- 
ures does this remark apply more truly 
than to railway accidents. 

We have said that there have been 
many instances in which trains have left 
the line without, apparently, any sufficient 
reason, and it is of this class of railway 
accidents that we wish to speak here. 
And, first, as to the ordinary causes of de- 
railment. These are: Weak or uneven 
permanent way, bad joints, wheels with 
flanges worn to a sharp edge on the outer 
side, and curves worked by engines or 
vehicles unfitted to pass round them. 
Where any one of these causes exists there 
is no difficulty in accounting for a case of 
de-railment ; but when none of these are 
present—when the permanent way and 
wheels are in good order, the speed of the 
train not excessive, and when the accident 
does not occur on a curve—we have to 
search further for the causes which give 
rise to the mishap. When a train is run- 
ning at a fair speed on an ordinary line 
of railway, the rails receive a succession of 
lateral blowsfrom the wheel flanges ; these 





blows—which are more or less severe ac- 
cording to the state of the road and the 
construction of the rolling stock—being 
nothing but a series of endeavors on the 
part of the train to “run off.” Now, sup- 
posing the tyres and permanent way to be 
in good order, and the line to be straight, 
“running off” can only occur when the 
force with which any wheel flange strikes 
the rail laterally is sufficient to cause that 
flange to act as a kind of inclined plane, 
lifting the weight resting on that wheel 
and thus causing “mounting.” It may at 
first sight appear that, considering the 
forms of tyre and rail section in ordinary 
use, no amount of lateral force which is 
likely to be available would suffice to cause 
the lifting of the weight upon the wheel 
in the manner we have just mentioned ; 
but a little further investigation of the case 
will show that the possibility of such an 
action certainly exists. Let iron templates 
of ordinary tyre and rail sections be taken 
and placed together in the manner in 
which a wheel bears upon a rail, and let 
a pressure be then applied to the inner 
edge of the tyre template, when it will be 
seen that the latter can be readily made to 
rise from its bearing upon the rail. In the 
case of ar ordinary engine or carriage, 
this mounting under the influence of lateral 
pressure is prevented by the weight insist- 
ent upon the wheel, and we thus see that 
in the steady maintenance of this weight 
lies one of the principal safeguards against 
de-railment. 

This brings us to the question as to how 
much the insistent weight upon the wheels 
of an engine or carriage varies when run- 
ning at moderately high speeds ; and this 
is a question to which no precise answer 
can be given. That the load on the wheels 
does vary—and vary considerably too—is 
clearly ing by the play of the springs ; 
but the degree of maximum variation de- 
pends so greatly upon the construction of 
the rolling stock, the manner in which it 
is loaded, and the state of the permanent 
way, that not even a general statement of 
its amount can be given. That, however, 
this variation is in many cases very far 
greater than is usually supposed, is proved 
by some interesting experiments on the 
subject which have been made by M. de 
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Weber, of the State Railway of Saxony. 
These experiments, which have been made, 
by the aid of suitable arrangements, on 
six-wheeled engines, having, we believe, 
all the axles under the barrel of the boiler, 
show very startling results. They show 
that in the case of trailing wheels carry- 
ing a normal load of 5? tons each, the load 
when running varied from 10 tons down 
to 14 tons; while in the case of leading 
wheels having each a normal load of 34 
tons, the load when running varied from 
8 tons down to zero! Now, although we 
should hope that such an occurrence as 
the total removal of the load from one of 
the leading wheels of an engine is an ex- 
ceptional one, yet the fact that it occurred 
during M. de Weber’s experiments proves 
that it is likely to occur again under cer- 
tain conditions ; and it is certainly more 
than probable that if this removal of the 
load took place simultaneously with a 
severe lateral blow of the flange of the 
wheel against the rail, “running off” 
would be the result. M. de Weber's ex- 
periments, in fact, go to show that most of 
the “mysterious” de-railments which 
have occurred have probably been due to 
this simultaneous occurrence of a severe 
lateral pressure, and an upward oscillation 
of the load on the springs of the particu- 
lar wheel which has mounted, this action 
being in many instances further assisted 
by one of which we shall now proceed to 
speak. 

In addition to his experiments on the 
variation of load on wheels of engines 
when running, M. de Weber has made a 
number of others on the lateral stability of 
permanent way, and although these ex- 
periments were carried out on the some- 
what light rails of the State Railway of 
Saxony, the results obtained possess con- 
siderable general interest. When a line 
of rails is subjected to a lateral pressure, 
applied to the side of the head of the rail 
at any one point, it may yield by the flex- 
ure of the rail itself, by the turning of the 
rail on its base, or by the direct movement 
of the sleepers on the ballast ; and as far 
as the two last mentioned causes are con- 
cerned, it will be found that the amount 
of yielding which will take place will be 
greatly modified according to the load 
which the rail is carrying at the time 
when the lateral pressure is applied. 
Thus, M. de Weber found that the resist- 
ance of the sleepers to lateral movements 





on the ballast was increased tenfold, as 
compared with the same line unloaded, by 
the imposition of a load of 28 tons ; while 
in the case of the Vignoles rails, on which 
the experiments were tried, a force of 2? 
tons, which produced an enlargement of 
the gauge to the extent of 14 in. when the 
line was unloaded, produced a spreading 
of but 4 in. only when the rails were carry - 
ing a load of 11 tons on a pair of wheels. 
These results show that the relieving of 
the wheels of weight by the vertical oscil- 
lations not only facilitates mounting, but 
also diminishes the lateral resistance of 
the rails to a spreading of the gauge, and 
it thus tends to produce de-railment in 
two ways. M. de Weber's experiments 
thus go very far to explain the cases of 
“running off,’ which are not accounted 
for by ordinary causes, and we should be 
glad to see them followed up by similar 
experiments on the engines and forms of 
permanent ways in general use in this 
country. 





ARBLES.—The chief place of the manu- 
facture of marbles is at Oberstein, on 
the Nahe, in Germany, where there are 
large agate mills and quarries, the re- 
fuse of which is carefully turned to good 
paying account by being made into the 
small balls employed by experts to 
knuckle with, which are mostly sent to the 
American market. The substance used 
in Saxony is a hard, calcareous stone, 
which is first broken into blocks, nearly 
square by blows with a hammer. These 
are thrown by the 100 or 200 into a small 
sort of mill, which is formed of a flat, 
stationary slab of stone, with a number of 
concentric furrows upon its face. A 
block of oak or other hard wood, of the 
same diametric size, is placed over the 
small stones and partly resting upon them. 
This block, or log, is kept revolving while 
water flows upon the stone slab. In about 
15 minutes the stones are turned into 
spheres, and then, being fit for sale, are 
henceforth called “marbles.” One estab- 
lishment, containing only three of these 
rude mills, will turn out full 60,000 marbles 
in each week. Agates are made into mar- 
bles at Oberstein, by first chipping the 
ieces nearly round with a hammer, 
handled by a skilful workman, and then 
wearing down the edges upon the surface 
of a large grindstone. 
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THE MANUFACTURE OF STEEL.* 


From ‘* The Journal of Applied Chemistry.” ; 


It is hardly necessary to say that this is 
the most complete, accurate, and valuable 
treatise on the metallurgy of steel that has 
been published at any time, in any lan- 
guage. Prof. Kerl put into the book the re- 
sults of his patient study of the subject, 
and the English editors have contributed 
the latest improvements and newest prac- 
tical information from the immense iron 
workers of Great Britain. We have in 
this way the best possible combination for 
a complete work on the subject. The 
printing, paper, and illustrations are in 
harmony with the thorough and compre- 
hensive design of the book, and it is with 
unalloyed satisfaction that we apply our- 
selves to the task of reviewing it. 

We cannot do better at the outset than 
to quote a few words from the preface. 
The authors say: “Owing to the com- 
plexity and vastness of the subject, and to 
the continued development of new pro- 
cesses and inventions, the task of the au- 
thors has proved by no means easy, but 
they trust that they have succeeded in 
producing, in a compendious and some- 
what complete form, a work of practi- 
eal value to the metallurgist. While 
the authors have taken the admirable 
treatise of Prof. Kerl as the groundwork 
of their labors, they have given much 
practical information and many useful 
processes, which are not to be found in 
Kerl.” A glossary of technical terms and 
tables of weights and measures are given 
at the end of the volume. 

The book opens with a definition of 
steel : “ Steel differs from pig and wrought 
iron in its proportion of carbon (1.4 or 1.5 
per cent.) ; it differs from pig-iron in its 
property of welding, and from wrought- 
iron in its fusibility ; its melting point is 
about 1850 deg. C., whilst the melting 
point of pig-iron is between 1400 deg. 
and 1600 deg. C. Steel is furthermore 
characterized by its softness at a glowing 
heat, and by becoming hard upon sudden 
cooling. These properties are modified ac- 
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cording to the proportion of carbon, the 
presence or absence of certain foreign ad- 
mixtures, the uniformity of its mechanical 
treatment, the method employed for its 
production, and finally, to other circum- 
stances which are not yet well under- 
stood.” 
PROPERTIES OF STEEL. 

“ Steel is whitish gray, or white and dull, 
with a silky fracture ; its texture is fine- 
grained, the grain being of an indefinite, 
Jagged shape, and somewhat lighter and 
finer in tempered steel than in soft steel. 
Tungsten steel shows a perfectly con- 
choidal fracture on which the grain is so 
fine as to be scarcely preceptible. Natural 
steel in the original balls, and cement steel 
after cementation, as well as cast-steel 
immediately after being cast, shows a 
coarse non-uniform appearance, and has 
but little tenacity ; but the grain will be- 
come finer if the steel is drawn out at suit- 
able temperatures to very small dimen- 
sions ; and if a very high temperature has 
been employed in its tempering, slowly 
cooled steel maintains its original texture, 
and hardened steel retains it if re-heated, 
and slowly cooled. This circumstance 
must be taken into consideration when 


judging the quality of steel from the ap- 
pearance of the fracture, as steel is usually 
considered to be of a superior quality if 


its grain is very fine. The appearance of 
the fracture may prove the uniformity 
of steel, but does not indicate its other 
properties—hardness, tenacity, etc. These 
qualities depend on the quality and quan- 
tity of the foreign admixtures contained 
in the steel, and can only be detected by 
direct trials and tests. 

“The specific gravity of steel ranges be- 
tween 7.5 and 8.0, and is diminished by 
hardening. The following table shows 
the specific gravity of Bessemer steel of 
various degrees of carbonization made at 
Sandviken in Sweden : 


SPECIFIC GRAVITY 


Percentage of Carbon. Soft. 

1.5 7.785 
7.832 
7.874 
7.879 7.807 
7.893 7.839 


“The hardness of steel varies with its 


Hardened. 
7.736 
7.771 
7.808 
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proportion of carbon. The steel poorest 
in carbon is the least hard, and the steel 
richest in carbon approaches white pig- 
iron; but its other properties, strength, 
fusibility, weldability, etc., are then modi- 
fied. Unhardened steel with the proper 
amount of carbon, 1.4 or 1.5 per cent., is 
but little harder than wrought-iron. The 
tensile strength of steel considerably ex- 
ceeds that of wrought-iron. The trans- 
verse strength is likewise very great, and 
the crushing strength varies with the hard- 
ness of the steel. 

“The influence of foreign substances 
upon steel is in many cases unfavorable, 
chiefly by impairing its tenacity and elas- 
ticity ; this influence is exerted by sulphur, 
phosphorus, silicon, copper, etc. ; other 
substances have a favorable influence, but 
it is still doubtful whether they always 
enter into combination with the steel, or 
merely have a purifying effect by combin- 
ing with the injurious substances present, 
and thus separating them, as is the case 
with pig-iron. Manganese facilitates the 
formation of steel, and purifies it, although 
only a little enters the steel in combina- 
tion. Tungsten steel shows an exceeding- 


ly fine, conchoidal, silk-like fracture, com- 
bining great hardness and density, and is 
superior in tenacity and weldability to all 


other steel. Notwithstanding its reputed 
qualities, tungsten steel has not been gen- 
erally introduced, probably owing to the 
high price or the scarcity of wolfram. 
Perhaps steel was sold as tungsten, which 
did not contain any tungsten, or else its re- 
puted qualities are somewhat exaggerated. 

“According to Mr. Musket, titanium 
acts upon steel in the same way as tung- 
sten, when titaniferous iron ores, or other 
iron ores, with titaniferous fluxes, are 
smelted for the production of grey pig 
iron (not white pig, as in this case the 
most titanium will enter the slag), and the 
grey pig iron is worked into natural or 
cement steel. More recent observations 
show that titanium, as well as tungsten, 
seems to enter steel in larger proportions, 
and to improve its quality.” 

After giving very fully the properties of 
steel from which we have condensed the 
above statement, the authors enter upon 
a description of its manufacture in various 
countries, and according to different pro- 
cesses. They then devote a large portion 
of the work to the discussion of the im- 
portant question of fuel and the utilization 
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| of waste gases ; and finally, in the supple- 

ment is contained a rich store of matter, 
from which we shall hereafter make copi- 
ous extracts for the benefit of such of our 
readers as cannot afford to purchase the 
book. We regret to be obliged to say thit 
| considerable carelessness has been shown 
|in the choice of language in the transla- 
tion of many passages; but as the facts are 
accurately given, the language in which 
they are clothed must be of secondary im- 
portance. 








| P\eraz Tre or a Farrar Enome.—The 
Burry Port and Gwendraeth Railway 
is the first construction under the recent 
| Act of Parliament, which enables a railway 
,company to lay a light rail for the per- 
| manent way, and is quite an experiment 
|in light and cheap railways. The above- 
named company, in order to protect their 
| permanent way as far as possible, have 
| purchased a new engine built on the bogie 
| principle adapted to locomotives and rail- 
| way carriages, by Mr. Fairlie. Her cylin- 
ders are 10 ft.; each boiler is 9 ft. long, 
}and 2 ft. 11 in. diameter inside, and con- 
| tains 168 tubes ; the fire-box is 5 ft. long ; 
the wheel base is 5 ft. and the diameter of 
the wheel 3 ft. 6 in. ; length of tube 18 in.; 
'and length of engine 33 ft. The trial trip 
/was made on Wednesday, on the line from 
'Pembrey to Portyberem, a distance of 11 
‘miles. The weight of the train was 150 
tons 17 cwt., and of the engine 23 tons 10 
ewt., making a total of 174 tons 7 ewt. 
The engine started from a state of rest at 
the bottom of an incline of 1 in 36, and 
14 chains long. This she failed to ascend 
at first, owing to the slippery state of the 
rails, but a little sand being applied she 
went up easily. She pushed on very well 
for 8 miles 34 chains, which is a continu- 
ally rising gradient. The distance was 
traversed between 12.23, the time of start- 
ing, and 12.49. At this point of the line 
there is an incline of 1 in 45, which she 
failed to ascend with three attempts ; the 
pressure was then raised to 100 lbs., 48 
tons 8 cwt. were taken off, and she as- 
cended the incline easily. The coal used 
was said to be small and choked the tubes, 
She was considered by a number of practi- 
cal gentlemen who were present to be 
equal to a load of 120 tons up an incline 
of 1 in 45, and will probably go from 17 
to 20 miles an hour. The trial was very 
satisfactory.— Engineering. 
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STEEL FOR TOOLS. 


We extract from “ Engineering” the fol- 
lowing remarks in regard to Mr. Robert 
Mushet’s “special steel,” manufactured 
by the Titanic Steel and Iron Company, 
of Coleford, and a very peculiar material 
it is. Of the process of its manufacture 
we know nothing ; but of the quality of 
the material itself when used as a cutting 
tool we have latterly had an opportunity 
of judging, and we have been led to form 
a high opinion of it. One of its main 
peculiarities is that it does not require 
hardening, or rather, to speak more cor- 
rectly, that it only requires hardening by 
a light cold-hammering, and not by dip- 
ping in the ordinary way. A fractured 
bar, when:examined by the microscope, 
shows a remarkably close and even tex- 
ture, the grain in fact being so fine that it 
is barely distinguishable by the naked 
eye. When heated to a low red heat it 
can be forged without any great difficulty; 
but like all good tool steel it requires care 
on the part of the smith, and a bar should 
not be drawn down much without reheat- 
ing. When a tool has been brought to 
the required shape it should be lightly 
but thoroughly cold-hammered, and then 
put aside to cool gradually. When cold 
it only requires grinding to be fit for use. 

Amongst the firms who are now using 
Mr. Mushet’s steel extensively are Messrs. 
John Fowler and Co., of the Steam 
Plough Works, Leeds; and it was at 
their works that we last week had an op- 
portunity of seeing a number of these 
*unhardened” tools in use. Messrs. Fow- 
ler, as is well known, use steel forgings 
and castings very extensively in the con- 
struction of their engines—in fact we do 
not hesitate to say that their requirements 
alone have given a most important impe- 
tus to the manufacture of such castings 
in this country—and the quality of the 
tool steel they employ is thus to them a 
matter of considerable importance. The 
taking a slight cut, scarcely more than 
skin deep, off the inner faces of the deep 
flanges of the steel winding drums, and 
the series of intermittent cuts which have 
to be taken in turning up the faces left 
on the arms of these drums, etc., are 
pieces of work which test the quality of 
tools as much as it is perhaps possible to 
test it, many of the castings notwithstand- 





ing the annealing to which they are sub- 
jected having skins so hard, particularly 
in the angles, that it is with difficulty a 
tool can be got to act upon them at all. 
It is for this class of work that Messrs. 
Fowler are now using Mr. Mushet’s steel, 
and they are gradually replacing all their 
lathe and planing machine tools with 
this material. At aplaning machine we 
found some of these tools in use planing 
locomotive coupling rods (iron), about 
7ft. long, between centres, the average 
work done by each tool, without grinding, 
being to take a finishing cut over all 
sides of one rod, and a similar roughing 
cut over the next; while at an adjacent 
machine was a tool which had been in use 
planing for seventeen Lours without re- 
quiring to be taken to the grindstone. 
Similar tools had been planing cast- 
iron fifteen hours, and turning steel axles 
six hours—the surface speed of the axle 
being 20 ft. per minute ; while one tool 
had been planing steel horn-blocks 
twenty-five hours. Perhaps,’ however, 
the best evidence of the value of this 
material is to be found in the behavior 
of the machine men at the Steam Plough 
Works, who are all on piecework, and 
who, when turning or planing steel, in- 
variably use the tools of which we have 
been speaking, if they can possibly get 
them, as they enable them to run their 
machines at a higher speed, and avoid 
loss of time in grinding and making 
changes. So far we have only spoken of 
the value of the material when used for 
operating on steel ; but the same qualities 
which give it value in this case render it 
equally valuable for turning or planing 
wrought or cast-iron. For chisels or 
other tools operating by a percussive 
action it is not suitable, as, although not 
objectionably brittle, it is not of such a 
nature as to bear blows well. Of its adap- 
tability for drills we have no experience, 
but there is such an ample field for its 
employment in other forms that it is of 
little consequence whether it makes good 
drills or not. In conclusion we may state 
that we have spoken of Mr. Mushet’s 
“special steel” at some length, because 
we regard it as a very peculiar and valu- 
abie material, the properties of which de- 
serve to be even more widely known than 
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they now are, and which, we believe, only | employment for turning and planing tools 
requires to be fairly treated to gain a re-| in all establishments where there is hard 
putation which will lead to its extensive | work to be done. 





THE STONEWORK OF THE 


HOUSES OF PARLIAMENT. 


From the ‘Pall Mall Gazette,” through the ‘* Building News.” 


The condition of the stonework of the 
New Houses of Parliament is at last be- 
ginning to attract serious attention. 
When pieces of masonry varying in weight 
from 5 lbs. to 10 lbs. or 15 lbs. come crash- 
ing down, it is no wonder that some 
uneasiness should be felt, at least by 
those who reside in the Palace, or 
whose duties take them thither. 
Only a short time since a piece of 
carved work, weighing between 70 lbs. 
and 80 lbs., fell from the summit of the 
Clock Tower upon the roof of the house 
below, inhabited by the record clerk of 
the House of Commons, Sir Thomas 
May. It passed through the iron roof as 
if it were so much paper, broke an iron 
girder, and was stopped only by the stout 
brick arches beneath. Another time a 
piece of about 18 lbs. weight fell into one 
of the courts and was shivered into frag- 
ments just after no less a personage than 
the Usher of the Black Rod had passed 
through. At another time a fragment 
weighing about 10 lbs. fell at the feet 
of the policeman on duty outside the 
entrance into Westminster Hall, at the 
south end, just opposite the Abbey. Dur- 
ing every considerable storm a shower of 
pieces of stone, from the size of a walnut 
to an orange, rattle down upon the iron 
roofs. We believe, indeed, there is a 
special functionary appointed to go about 
the roofs and rake the débris into heaps. 
There is never any certainty as to when 
or where these sculptured morsels are go- 
ing to fall ; and the River Terrace, where 
on summer nights the members walk and 
smoke their cigars, is not likely this year 
to be so much frequented as usual. 
More pieces break off from the carved 
terminals supporting the gilt vanes than 
from any other parts ; the reason being 
that the rods which carry the vanes are of 
iron instead of copper, and as the iron 
oxidizes it swells and splits the stone. In 
no remote time this defect is likely to 
cause the destruction of the upper parts 
of all the pinnacles. The only change 





likely to do much good is to substitute 
copper rods for the rods of iron. Besides 
this, the stone is rotting deeply in broad 
discolored patches, in regular lines all 
round what are called the string courses. 
Before it has been forty years in existence 
the New Palace of Westminster shows 
far greater signs of external decay than 
many structures of ten times its age. 
Certainly if reports, inquiries, commis- 
sions, and committees could have done 
any good, the New Houses of Parliament 
ought to have been about the soundest 
buildings ever reared. In the first in- 
stance a commission of scientific men and 
architects was appointed to ascertain the 
best kind of stone to beemployed. These 
commissioners must have had what the 
Americans call a good time of it in pro- 
secuting their inquiries, for they appear 
to have visited every castle, abbey, and 
ancient house in England. In the end 
they recommended the use of a magnesian 
limestone, geologically called dolomite, 
which abounds in Derbyshire, and of 
which Bolsover Castle, still in fine pre- 
servation, though of the date of 1680, is 
built. So various is the quality of this 
stone that the same quarry will furnish 
the best and closest-grained seams and 
the most porous and most worthless. Sr 
Charles Barry, we believe, wished that an 
experienced practical man should be ap- 
pointed to examine all blocks sent from 
the quarries. But the Government did 
not see the necessity of this recommen- 
dation, and the post was never properly 
filled. Two. quarries were selected in 
Derbyshire—the Mansfield and the Ans- 
ton. The former, unfortunately, could 
only furnish a small supply, but what it 
yielded was of excellent quality. The 
Anston quarry bad an abundant supply, 
and of this the New Palace is mainly 
built. The difference between the two 
kinds of stone is now as easily distinguish- 
able in the external walls of the building 
as the difference between brick and mar- 
ble. The Mansfield stone is as sharp and 
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true in outline as when it left the mason’s 
hand; the Anston stone in all exposed 
positions is fast rotting away. Experi- 
ments which have been made show 
that some of the stone employed is 
of a most porous kind ; indeed, a cube 
of stone nine inches square was found 
to be capable of absorbing no less 
than three pints of water in forty-eight 
hours. How many gallons, then, would 
the whole building absorb during two or 
three days’ heavy rain? and what must 





| 


burning. The Caen stone endures our 
climate better, as we see in Westminster 
Abbey—much of the east end of which 
is built of this material ; but the Mansfield 
stone appears to be the best of all in this 
respect. 

Of course when the stonework began to 
decay, as it did before the New Houses 
were half finished, the methods proposed 
for its preservation were almost innumer- 
able, some of them virtually amounting to 
a plan for rebuilding the whole structure. 


be the result when in winter the rain is|The favorite device, however, was to 
followed by a frost expanding the absorb- | coat the stone with various liquid compo- 
ed water into ice? As a matter of course | sitions, so as to fill up its pores, and keep 


-the delicate carvings must crack into 
splinters. The process of decay is thus 
going on steadily and swiftly, and some 
remedy should be immediately applied. 
The report recommending the material to 
be employed in building the New Palace 
dwells upon the necessity of special care 
being taken in the selection of stones for 
the west and south-west faces, as there 
it says the greatest tendency to decay 
would always be found to exist. Upon 
what evidence this theory was based we 
do not know, but the exact reverse of 
what was predicted has happened, for it 
is in the east and north-east faces that 
the stone has most rapidly decayed. One 
can, in fact, draw a series of lines round 
the building where the stones are rotting, 
and these lines will be found to corre- 
spond with what are technically called the 
string courses, that is, the stone mould- 
ings which project above and below the 
bands of carved work. Upon these the 
water drips from above, and then trickles 
over to those beneath, and so on from 
top to bottom, till the constant dropping 
wears away the stone, and the inscrip- 
tions are becoming illegible, and the little 
pinnacle carvings falling away. The same 
process has gone on, but not to so great 
an extent, at the Geological Museum in 
Jermyn street, though the stones of that 
building, as might have been expected, 
were carefully examined when selected. 
It is to be feared, however, that most kinds 
of dolomite are too pcrous to withstand 
the London climate in their natural state. 
Their pores require closing to protect the 
surface from the action of moisture, the 
destructive effect of which is increased 
by the sulphureous acid which is gener- 
ated in the London atmosphere by the 
hundreds of thousands of coal fires always 





them air and water-tight. About twelve 
years ago two of these inventions were 
tried on portions of the walls. One was 
a liquid prepared by Mr. Ransome ; an- 
other was a solution of silica, the inven- 
tion of Mr. Szerelmey, a practical chemist, 
who has devoted his scientific knowledge 
to the discovery of preservatives against 
the decay of stone, wood, and iron. A 
committee, consisting among others of the 
late Prof. Faraday, the late Sir Charles 
Barry, and Sir Roderick Murchison, was 
appointed to decide upon the merits of 
the competing inventions, and its verdict 
was in favor of Mr. Szerelmey’s plan. The 
test of time apparently confirms the judg- 
ment of the committee, and the composi- 
tion which it recommended has, after a 
lapse of 11 years, been re-examined. Dur- 
ing the interval that has passed it has 
been severely tried, having, we believe, 
been scrubbed with wire brushes and with 
sand and sulphuric acid. Yet it remains 
as bright and vitreous as when first put 
on during a heavy shower of rain. Among 
other things petroleum, and what is called 
liquid glass, have also been tried. The 
petroleum makes the stones look black 
and greasy, but still it must to some ex- 
tent fill up the pores, and so for a time 
retard decay, just as, we believe, the boiled 
linseed oil has done when applied to the 
Geological Museum in Jermyn street. As 
to the water-glass, it is strange that any 
practical chemist could have thought of 
it for such a purpose. Water-glass is only 
silicate of soda. If all the stonework 
could be immersed in this for a year or so 
it would form on the outside a silicate of 
lime—hard and durable enough for all 
time. As it is, it hasmerely been smeared 
on with a brush like any other paint or 
solution. The carbonic acid in the air 
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turns the silicate of soda into carbonate 
of soda, producing a mouldy efflorescence 
which is easily wiped off with the hand, 
and leaves the stone as exposed to decay 
as ever. 

Besides these various compositions, 
another mode of treatment is now, we be- 
lieve, being pressed upon the attention of 
the Chief Commissioner of Works. 
is nothing less than the cutting out of the 
decayed parts of the masonry and the 





This | 


remedy of a very desperate character, and 
ought unquestionably to be adopted only 
after all other measures have been fairly 
tried and failed. We certainly do not 
think it can be said that this has yet hap- 
pened. Indeed, there is very strong prac- 
tical and scientific evidence in favor of at 
least one of the protective compositions 
which have been already tried. The plan 
of cutting out the decayed stones would 


| be very costly—in fact, the cost would be 


substitution of stones of a better quality— | indefinite ; once begun it would be diffi- 
in other words, the rebuilding of a con- | cult to say where it should stop. It is 


siderable part of the Palace. 


perhaps this remedy may prove to be the | 
only effectual one, but it is obviously a' 


In the end | 


perfectly plain, however, that the present 
condition of the Palace of Westminster is 
not only disgraceful, but even dangerous. 





MOUNTAIN LOCOMOTIVES. 


A correspondent of “Engineering” 
gives in a recent letter the following in- 
teresting details respecting the work of 
locomotives on heavy grades :— 

As a distinct specialty of railway 
working, mountain railways present some 
special features, involving a modified 
mode of transport by steam power. Lo- 
comotives cannot be adapted to the ex- 
ceptional exigencies of undulated lines 
without sacrificing either speed or train 
load ; the tendency is, and will always be, 
to maintain this latter as high as possible; 
a great tractive effort must therefore be 
produced and utilized at reduced velocity; 
the speed being also limited, on the other 
hand, by the smallness of the driving- 
wheels and small curves. In ordinary 
locomotives the tractive force, or the “cyl- 
inder power,” amounts usually to} of the 
weight on the driving-wheels, and this 
proportion is well justified by experience, 
as will be seen presently. Upon a clean 
dry rail a maximum coefficient of adhesion 
of } and even } is occasionally attained; 
but in the course of prolonged working, 
such an adhesion could not be maintained. 
In good weather, however, a co-efficient 
of } may safely be counted upon as a nor- 
mal value, while in winter time the fric- 
tion is, of course, considerably less. On 
the Continent, the most precise and relia- 
ble information on this subject has re- 
cently been furnished by MM. Vuillemin, 
Guebhard, and Dieudonné, engineers to 
the Eastern Railway of France. The re- 
sults of a long series of experiments, made 





with a traction dynamometer, have been 
published in a memoir, entitled “De la 
Resistance des Trains et de la Puissance 
des Machines.” Paris, 1868. Eugéne La- 
croix, éditeur. This is a work of great 
value, and has, as such, obtained the Per- 
donnet Medal of £80, offered by the late 
M. Auguste Perdonnet to the Society of 
Civil Engineers of France, with a view to 
stimulate such researches. As regards 
locomotive adhesion, we find in Tables 24 
and 25 of this memoir a summary of ob- 
servations, made with various types of 
engines and trains, and from these results 
it appears that, during continued worf, 
the maximum value of the coefficient of 
adhesion was }; upon this limit should ke 
based, according to the authors, the max- 
imum train load which an engine can 
haul in good weather; to rate, on the 
other hand, the capabilities of an engine 
in all sorts of weather, and especially in 
winter time, no greater co-efficient than 4 
should be counted upon. In the same 
tables a superior co-efficient than } is 
noted down also, but this occurred while 
starting at a station, a case where the 
limit of adhesion—by the exertion of an 
instantaneous effort—is always closely ap- 
proached. I may mention that the co- 
efficient of adhesion is sometimes quoted 
as a kind of “figure of merit,” in compar- 
ing the useful effect of different engincs 
working different lines; but if the train 
resistances are not precisely known, and 
“guessed at” only, this manner of rating 
is very apt to mislead. During the above 





VAN NOSTRAND'S ENGINEERING MAGAZINE. 





trials, however, the tractive force was reg- 
istered constantly by the traction dyna- 
mometer; the power absorbed in moving 
the engine having also been ascertained 
previously in a similar manner, the total 
tangential effort, or the gripping friction 
between tyre and rail, corresponding to a | 
certain fraction of the adhesive weight, 
was thus correctly known. 

On mountain lines, locomotives are gen- | 
erally worked up to their maximum adhe- | 
sive power, hence frequent slipping. On| 
the Semmering an adhesion from 3 to| 
4—a very favorable figure, considering | 
all the cireumstances—is usually maintain- 
ed, whereas on the Giovi the ruling co- 
efficient amounts to but ~5. It is thus 
evident that in a well-proportioned moun- 
tain engine, the ratio between “cylinder 
power” and adhesive weight may differ 
widely from what experience has estab- 
lished in ordinary practice. 

Proceeding now to the actual working 
of the great mountain railways in the 
Alps and the Apennines, I shall not at- 
tempt to establish a comparison between 
the results and the useful effect obtained 
with various types of engines ; to do this 
without prejudice, many elements—be- 
sides the configuration of the line—would 
have to be known and taken account of, 
such as the state of the rails, the con- 
struction of the rolling-stock, the intensity 
and direction of the wind, the surface of 
the wagons, the length of trains, the di- 
mensions of bearings and of wheels, the 
wheel bases, the nature of lubrification, 
the temperature, the mode of coupling, 
the manner of loading, or the proportion 
of net to gross load, etc. What I in- 
tend recording, with reference to engine 
performances, comprises simply some 
personal observations, aided by the in- 
formation of railroad superintendents, 
running shed foremen, and engine dri- 
vers. 

1. The Semmering, although preceded 
by the working of steep gradients on 
American railways, and by valuable expe- 
rience gained in the Fichtelgebirge, may 
truly be termed the Rainhill of mountain 
railways. True, there was no gallant 
George Stephenson, but there a glorious 
edifice was built on his foundation-stone, 
and followed since by works of still greater 





magnitude. On the mountain passes of 
those majestic Alps,where once great warri- 
ors of by-gone ages led on their armies, are | 


now fighting the modern Hannibals, the 
Charlemagnes, and Napoleons, leaving 
their footprints in the everlasting rock ! 
It would occupy too much of your space, 
sir, were I to draw a historical outline 
of the Semmering contest in 1851, but 
those of your readers who feel interested 
on this subject may find ample and im- 
partial information in “ Engineering,” 
vol. i., p. 57, and specially in a memoir by 
M. Fouche, entitled : “Des progrés des 
machines locomotives et de leur influence 
sur les conditions de |’établissement des 
chemins de fer.” Paris, 1852. The peri- 
od, following the opening of the Semmer- 
ing up to the present date, occupies like- 
wise a conspicuous place in locomotive 
history. Up to 1868, the heavy goods 
trains were always divided into several 
portions at the foot of the incline ; each 
portion was taken over the mountain by 
& single engine, the employment of two 
engines having not been found advisable. 
In the spring of 1868 a serious accident 
occurred on the gradient, owing to the 
breakage of a coupling ; it thus happened 
that a portion of the leading goods train 
fell back upon another train, following at 
a short distance. This occurrence led 
ultimately to the application of “double 
traction ” in the shape of a “head” and 
a “tail” engine, as now introduced on 
nearly all mountain lines; and this sys- 
tem, having undergone a serious trial 
over the reverse curves of the Semmer- 
ing, has given up to the present every 
satisfaction. The new Semmering en- 
gines are fitted with Le Chatelier’s 
counter-pressure steam brake, and with 
screw reversing gear. The Semmering is 
situated in the Styrian Alps, and is tra- 
versed by the railway connecting Vienna 
with Trieste, on the Adriatic Sea. The 
mountain section of the line is 26 miles in 
length, the average rise being 1 in 47, and 
the maximum inclination 1 in 40; the 
smallest curves are of a minimum radius 
of 9 chains, but this limit is not attained 
on the steepest gradients. In 1868 the 
total cost of “traction ” on the Semmer- 
ing was ls. 9}d. per train mile, vide 
**Mémoires et compte rendu des travaux 
de la Société des Ingénieurs Civils, 2° tri- 
mestre, page 300.” 

2. The Brenner line in the Tyrol, 


which was opened in 1867, unites the 
northern and southern sections of the 
Tyrolean line on the South-Austrian Rail- 
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ways, forming thus a very important con- 
necting link between South-Eastern Ger- 
many and the railway system of the Alta 
Italia. The mountain railway over the 
Brenner Pass is 78 miles in length ; there 
are long gradients of 1 in 40, and fre- 
quent curves of 14 inches radius. The 
Brenner is worked similarly to the Sem- 
mering, but the cost of traction is somewhat 
higher, on account of the price of com- 
bustibles. On both lines various sorts of 
lignite are consumed ; in the Semmering 
engines two sorts of lignite are burnt—Le- 
oben lignite, having 65 per cent., and 
Styrian lignite, having 57 per cent. of the 
calorific power of coke from Witkowitz, 
which latter is about equal to ordinary 
English coals. The price of a ton of fuel, 
and equivalent to the heating power of a 
ton of coke, averages on the main line of 
the South-Austrian 16s., and in the Tyrol 
33s. 8d. sterling. In 1868 the consump- 
tion of fuel in a Semmering engine was 
844 lbs. per train mile, and 60} lbs. in a 
Brenner engine, the corresponding train 
loads being on the average 125 tons and 
100 tons (goods and passenger trains). 
The security with which this difficult line 
has been worked since its opening is at- 
tributed chiefly to the system of “ double- 
traction” with a head and a tail engine, 
coupled with the employment of Le Chate- 
lier’s steam brake. On several occasions 
the use of this apparatus, combined with 
the ordinary brakes, has enabled the 
engine-drivers to pull up within a dis- 
tance of 300 yards, the train descending 
on a gradient of 1 in 40 at a speed of ten 
miles per hour. 

3. The Poretta inclines, so called after 
the town of Poretta, situated on the north- 
ern slopes of the Apennines, connect Bo- 
logna with Pistoia, from which latter 
point the line branches off to Pisa and 
Leghorn to the right, and to Florence to 
the left hand. The distance between Po- 
retta and Pistoia is 26 miles, over continu- 
ous gradients of lin 40. The summit of 
the line is at Pracchia, 10 miles from Po- 
retta, and immediately after leaving the 
station of Pracchia the long Apennine 
tunnel is passed. There are altogether 
47 tunnels over the 26 miles of railway, 
and frequent curves of 15 chains radius. 
One of the longer tunnels presents actu- 
ally the development of a screw ; on leav- 
ing this remarkable tunnel on the top, 
the entrance hole can be seen down the 





precipice almost perpendicularly beneath. 
The Poretta is now being worked by the 
ordinary six-wheel coupled goods engines 
of the company. These engines—after 
the pattern of the Paris-Lyons goods en- 
gines—are fitted with various exhaust 
gear, screw reversing arrangement, and 
Le Chatelier’s brake. The reversing 
screw is of steel, 2 in. in diameter, 13 in. 
pitch, supported by a wrought-iron chair 
bolted on to the footplate ; the nut is of 
case-hardened iron, 5 in. long, and the 
whole arrangement is altogether a very 
neat and efficient one. The Le Chatelier 
apparatus is fixed close to the reversing 
gear, so that both can be worked together 
with great facility. In applying the coun- 
ter-pressure steam brake, the link motion 
is first of all put on mid-gear, and the 
regulator kept closed ; the injection ap- 
paratus is then so regulated that a thin 
cloud of steam may be seen over the chim- 
ney top; the regulator is then fully thrown 
open, and the link motion gradually re- 
versed from mid to back gear, according 
to the retarding power required. In the 
goods engines the injection takes place in 
the blast pipe, while in the mixed engines, 
working on the main line, the apparatus 
injects in the exhaust ports underneath 
the slide valves’; in neither case, how- 
ever, the steam valve of the apparatus is 
made much use of. The maximum haul- 
ing power of the Poretta engines is a train 
load of about 110 tons. The express is 
drawn by one engine, while in the case of 
the mixed and goods trains two engines 
are employed ; in the former case both 
engines are coupled together in front of 
the trains, the front end of the second en- 
gine being next the hind end of the first 
engine tender. The goods trains are 
“drawn” by one engine and “pushed ” 
by another, but the type of engine is the 
same for all trains. I must not forget to 
mention that the section from Bologna 
and Pistoia is constructed and worked as 
a “single line,” and that the inconve- 
niences caused by the working of the er- 
gines through the narrow tunnels are very 
great, and at times even alarming. In 
making an ascent with a mixed train, and 
having selected the footplate of the 
second engine as my “observatory,” 
I was practically convinced that the 
limit of respiration was nearly as well 
attained as was, in fact, the limit of 
adhesion. 
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4 The Giovi gradient in the Apennines, 
although only 6} miles in length, presents, 
of all the preceding mountain railways, 
the greatest difficulties and the greatest 
obstacles to a regular working. The as- 
cent of the mountain begins close to Ge- 
noa, till the station of Busalla is reached, 
from where the line falls off, over light 
gradients, to the town of Novi, 34 miles 
from Genoa. Like the Poretta, this sec- 
tion comprises an uninterrupted succes- 
sion of gigantic works of construction. 
The Giovi gradient begins at Pontedeci- 
mo, 84 miles from Genoa, and rises at the 
mean rate of 1 in 38 up to Busalla. The 
various gradients on the Giovi being com- 
posed of a stretch of 1 in 50, then 1 in 36, 
then comes a very short stretch of 1 in 
28}, and finally, through a tunnel of 3,280 
yards in length, 1 in 34}. At Pontedeci- 
mo, where there is quite an array of 
mountain locomotives, are now stationed 
sixteen six-wheeled coupled twin engines, 
twelve four-wheel coupled twin engines, 
and ten Beugniot engines. The passen- 
ger trains are taken over the Giovi by a 
Beugniot engine, for the mixed train a 
twin engine is usually added in the rear 
of the train, and the goods trains are 
hauled by two twin engines, one working 
in front and the other behind the train. 
To illustrate the nature of daily working 
on this remarkable line, I will cite the ex- 
perience with a mixed train on the 19th 
of November last.’ The train was com- 
posed of eight passenger carriages and of 
ten goods wagons, making a gross load 
of 164 tons. To haul this train from 
Pontedecimo to Busalla, not less than 105 
tons of adhesive engine weight were taken 
into requisition, viz., a Beugniot engine, 
weighing 69 tons (51 tons adhesive) in 
working trim, and a 54 tons twin engine. 
Including engines, the total weight of the 
train was consequently 287 tons, and, 
“ ouessing ” the total resistances at 80 lbs. 
per ton, the corresponding tractive power 
would be 10} tons, or one-tenth of the ad- 
hesive weight under the engine wheels. 
The weather was rather misty, but the 
rails seemed to be in a normal condition. 
The Beugniot engine, leading the train, 
slipped terribly, with the safety valves 
blowing off at 135 lbs. to the square inch ; 
in fact, the engine could only be got to 
“bite” by an energetic application of the 
sand-box. The twin-engine in the rear of 
the train—and working, therefore, under 
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more favorable conditions—kept on push- 
ing very steadily. The ascent was made 
in 37 min., or at a speed of 10 miles 
per hour. The Giovi and the Poretta 
are on the very extensive railway sys- 
tem of the Alta Italia, this company work- 
ing now 1,640 miles of railway, embracing 
the lines of the Piedmont, Lombardy, 
Venetia, Emilia, Liguria, and the lines on 
the right-hand bank of the river Arno. 
The Alta Italia and the South-Austrian 
railways belong to a French company. 

5. The Hauenstein line, on the Swiss 
Central Railway, traverses between Bale 
and Olten, a very picturesque mountain 
range, called the Jura Alps, which attain 
at the Weissenstein, near Soleure, a height 
of 4,000 ft. above the sea level. The dis- 
tance between Bale and Olten is 24} miles, 
worked in two sections, Bale-Sissach, 
rising at the rate of 1 in 100, and Sissach- 
Olten, having a maximum inclination of 1 
in 37; shortly before reaching Olten, the 
great Hauenstein tunnel is passed on a 


gradient of 1 in 38. There are frequent 
curves of 18 chains radius. The passen- 
ger trains averaging 85 tons, are worked 
by a passenger engine between Bale and 
Sissach, and by a six-wheel coupled goods 
engine from Sissach to Olten ; the mixed 
and goods trains of an average weight of 
160 tons, are worked by two goods engines 
over this latter portion of the line. The 
goods engines employed are six-wheel 
coupled Engerth engines, and six-wheel 
coupled tank engines ; their adhesive 
weight is 36 tons and 40 tons respectively, 
and their maximum hauling power in good 
weather about 93 tons each, over the most 
difficult sections of the line. The ruling 
coefficient of adhesion on the Hauenstein 
is about 1, this being limited by the damp 
tunnel near Olten. 

The foregoing notes concerning the ser- 
vice of traction on the mountain sections 
of the South Austrian, the Alta Italia, and 
the Swiss Central railways, are recapitu- 
lated in the annexed table. 








MACHINE BEARINGS. 


From “The American Artisan.” 


The great bugbear in machinery is 


friction. It is this that involves expense 
for lubricants, that causes the ultimate 


‘less than that of a single metal upon it- 
self, for instance, iron upon iron, and 
hence the now universal use of the 


wearing out of the machine by the grad- | Babbitt, type, and gun metals for jour- 


ual destruction of its working surfaces, 
and that lays a constant tax in the shape 


nals. Aside from this, the length of the 
| bearing in proportion to its diameter has 


of driving power not utilized in produc-| much to do with its economical results ; 


tive work. Although friction is by no 
means confined to the journals of me- 


| Fairbairn having demonstrated that 
| with wrought-iron the length of the 


chanism, it is with these that its detri-| bearing should be 1? of the diameter of 


mental results are the most evident, and 


|the journal. Both the length and dia- 


the means of alleviating it the most| meter, moreover, must bear some rela- 


easily applied. Such alleviation is pro-| tion to the pressure. 


The authority 


vided through the agencies of proper | above cited lays down the rule that in fly- 


construction of the bearing and journal, 
the use of some interposed material offer- 
ing less obstruction to the moving con- 
tact than is afforded by the surfaces 
themselves ; and a suitable velocity of the 
journal as compared with that of the 
parts driven thereby—this last, of course, 
having more special application to lines 
of shafting. 

As to the first of the above-mentioned 
essentials—the construction of the bear- 
ings and journals—it is well known that 
the friction between two different metals, 
as, for example, iron upon brass, is much 


| 





| wheel, and similar shafts the pressure on 
the journal should never exceed 180 
lbs. to the sq. in. In this connection 
may also be noted a very important 
point having reference to the resist- 
ing power of journals to tension and 
strain. As commonly made, with the 
shoulders turned down to a sharp 
angle, they lose one-fifth of their 
strength, which may, and always should 
be, avoided by making the corners, 
viewed from one side, rounded instead 
of sharp. 

With regard to lubricating materials, 
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sperm oil has long been considered the 
best ; but the lubricating material must, 
in a measure, be varied according to cir- 
cumstances. With unguents, like lard or 
tallow mixed with oils, less useful results 
are obtained on metal than upon wood 
bearings. This is commonly ascribed to 
the adhesive and consequently resisting 
action of the somewhat viscous substance, 
and the effect of which has a certain ratio 
to the extent of the surface upon which 
it acts. Rennie’s experiments with jour- 
nals under pressures varying from 1 
to 5 cwt. showed that with tallow 
and certain anti-attrition compounds 
the friction reached its minimum, while 
it rapidly increased with hog’s lard 
and various kinds of oils. Under greater 


pressure, however, for instance, mill steps 
bearing a weight of 280 lbs. to the square 
inch, which it is difficult to keep properly 
lubricated, the finest and most limpid 
lubricating oils are recommended. Uni- 


formity in the supply of the lubricant is 
also a matter of much consequence—too 
much involves waste and does only slight 
good, while too little, of course, does 
harm. It would be better than the pres- 
ent practice of intermittent oiling, if self- 
lubricating devices were universally pro- 
vided upon journal-boxes, although it 
must be acknowledged that few or none 
of the scores of such apparatus that have 
been made, fully serve the useful purpose 
for which they were designed. As to the 
velocity of journals in motion, we need 
here notice only the conclusion of Fair- 
bairn: that thereby will be a saving of 
from 30 to 60 per cent. in weight (and, of 
course, in friction) as compared with that 
involved in the slow motion once in 
vogue, and a large percentage of power 
formerly lost in the machinery of trans- 
mission will be utilized in the actual work 
in the machine to which the power is 
transmitted. 








TELEGRAPHIC BATTERIES AND CONDUCTORS.* 


Static or frictional electricity has long 
since been discarded as an agent in the 
electrical instrumentalities for communi- 
cating at a distance. All attempts hitherto 
to make it practicable have failed, and all 
the devices for that purpose, however in- 
genious, as most of them were, must be 
consigned to the category of failures. The 
principal form of electricity, which has 
been effective, either in the semaphore or 
in the telegraph, is dynamic electricity, 
usually generated by the chemical action 
of acids upon metals, or the decomposi- 
tion of metallic salts. The earliest form 
of Voltaic battery, even the first column 
of Volta, is available to produce the actual 
result required, either of showing a signal, 
as in the semaphore, or making a record, 
as in the telegraph. The earliest form 
employed by Morse, in 1835, and with 
success so far as to show the practicability 
of recording, was the well-known Cruik- 
shanks battery. Since this early period 
many modifications and substantial im- 
provements in the battery have been made, 
and the constant batteries of Daniel, of 
Grove, and of Smee, in England, and 





* From the Report of Prof. S. F. B. Morss, LL.D., U. 8. 
Commissioner to the Paris Exposition, 


of others on the European continent, have 
have given greater facility in operating 
the instruments both of the telegraph and 
semaphore. But the introduction of 
magneto-electricity, one of the grand re- 
sults of the generic discovery of Oersted, 
and of the more recent discoveries of 
Faraday, has furnished the means of 
constructing a new generator of electri- 
city, which takes its place intermediately 
| between the frictional and the Voltaic, 
having less quantity than the Voltaic and 
less uncontrollable intensity than the fric- 
| tional instruments. The Voltaic, however, 
| has the quality of giving more readily a 
| continuous current, and is therefore bet- 

ter adapted to recording in all the instru- 
ments using the Morse code. 





FARMER'S THERMO-ELECTRIC BATTERY. 


The batteries exhibited have little of 
originality. With one or two exceptions, 
they generally show unimportant modifi- 
cations of those long known. 

The thermo-electric battery of Farmer, 
of Boston, is one of novel construction, 
and deserving of special notice. 

It consists of three rings of nine pairs 
each. A common rubber tube conveys 
ordinary street gas to a gas burner or gas 
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stove under the centre of the battery. A 
deflector is placed at the top to keep the 
heat down in the centre. All that is re- 
quired to put the battery in operation is 
t> turn on the gas and light at the burner. 
The battery acquires its maximum activity 
in a few moments, when it works continu- 
ously and constantly as long as it receives 
heat. 

These batteries are made of various 
sizes, weighing from a few pounds to half 
aton. One of this larger class is now in 
operation, and is capable of depositing 
about one pound of copper per hour, at 
an expense of five or six pounds of coal in 
the same time. 

The smaller batteries are more con- 
veniently operated by gas or lamp. These 
latter are very convenient for medical use 
or for telegraph local batteries. The 
somewhat larger battery gives all the 
effects of a series of cells (of the acid bat- 
teries in common use). 

These batteries are admirably suited to 
the wants of the exact experimenter, and 
render the most useful assistance in their 
investigations where an absolutely con- 
stant current is required, being capable of 
working for an indefinite period without 
a perceptible variation in the strength of 
current which they deliver. Their utility 
is very apparent to the electrotyper who 
desires a uniform current, and to the 
electro-gilder and silver-plater they are 
especially commended, because they re- 
quire no acids, mercury, or liquids of any 
kind in their operation. 

The saving which they effect in time, 
attention, waste, their cleanliness, the 
readiness with which they can be put into 
operation, the small expense of working 
them, and their durability, commend them 
to all. 

Where an establishment is doing suffi- 
cient work to require the use of one of 
such size as can be operated by coal as a 
fuel, the economical production of electri- 
city by their use is very obvious, five or 
six pounds of coal being capable of evolv- 
ing as much electricity as one and a half 
pound of zine, five or six pounds of sul- 
phuric acid, and one ounce of mercury. 

These batteries, like any series of cells, 
can be coupled to suit the work they have 
to perform. As compared with the acid 
batteries, these batteries have been 
worked with Boston gas as follows: 
10 pairs equal to 1 Smee cell in power ; 





24 pairs equal to 1 Daniel cell in power ; 
44 pairs equal to 1 Grove cell in power. 
But in calculating for a battery to per- 
form work for an indefinite period, an 
addition of 50 per cent. upon the above 
list is recommended, as the heating pow- 
er of gas differs very materially in differ- 
ent places. Naphtha has been used with 
perfect success, and found very economi- 
eal. 

The principal objects kept in view in 
this invention are, first, to make a bat- 
tery of sufficient power to be available 
for industrial uses ; second, that it should 
be reasonably durable; third, that it 
should be convenient to use ; fourth, that 
it should not be too costly. 

With regard to the first object, one has 
been constructed and used which has de- 
posited 12 lbs. of copper, from a sulphate 
of copper solution, in 24 hours, by the 
consumption of less than 110 lbs. of an- 
thracite coal. Smaller ones have been 
constructed that are most conveniently 
operated by a gas flame, and which will 
evolve 50,000 ft.-lbs. of electricity by the 
consumption of 1 lb. of common coal gas. 

These latter are made of various sizes, 
and capable of evolving from 20 to 300 
ft.-lbs.. of electricity per minute. A com- 
mon pint cup Grove cell will evolve 80 ft.- 
Ibs. of electricity per minute. The cur- 
rent from this (gas-consuming) thermo 
battery is the most constant and uniform 
of any that I have ever used, and is admi- 
rably adapted to the requirements of ex- 
act research. 

With regard to the second head, the 
durability of the thermo battery depends 
much on the temperature at which it is 
worked. At all temperatures there ap- 
pears to be a gradual increase in the spe- 
cific resistance of the alloys which enter 
into its composition, but the more slowly 
the lower the temperature of the heated 
junction. One of about 150 ft.-lbs. per 
minute power has been in nightly use for 
nearly a year. Its power has not been 
recently measured, but it is still in work- 
ing order. Some have been in almost 
daily use by physicians for nearly two 
years. 

Third. The gas-consuming batteries 
are as convenient as need be, requiring 
only to be attached by a flexible or other 
pipe to a gas burner. The large battery 
fired with coal needed attention every 3 
or 4 hours. 
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Fourth. The thermo battery is much 
more costly than an acid battery of equi- 
valent power, in the first instance ; but 
the cost of daily maintenance is less. A 
thermo battery, equivalent in power to 4 
‘or 5 Grove cells, costs about $90. 

A thermo battery, to be heated by waste 
steam, could be operated at trifling cost, 
and would be very durable, but the 
amount required to do a given amount of 
work with only 120 deg. difference of 
temperature between the junctions, might 
be of inconvenient size and first cost. 

In this battery the two elements used 
are, German silver for the negative pole, 
and an alloy of zinc and antimony for 
the positive pole. ° The proportions of 
the zine and antimony used are, about 96 
parts antimony and 53 parts zinc, as 
mixed in the melting pot. The pairs are 
arranged around a central source of heat ; 
and the outer junctions are cooled by ra- 
diation and connection. 


LECLANCHE’S BATTERY. 


This batttery is much in use in the 
French telegraph administration. It 
consists of a prism of carbon for its posi- 


tive pole, which is surrounded by a mix- 
ture of peroxide of manganese and car- 
bon pulverized, filling the porous jar. 
This jar is put into the glass jar contain- 
ing a solution of sal ammoniac; within 
the same glass jar and solution is a prism 
of amalgamated zinc, forming the nega- 


tive pole. Its action is thus: On closing 
the circuit, the sal ammoniac is decom- 
posed, the chlorine of the solution is ab- 
sorbed by the zinc, the negative pole ; 
while the hydrogen and the ammoniac 
pass to the positive pole, reducing the 
peroxide of manganese. According to 
the inventor’s explanation, “the perox- 
ide of manganese mixed with carbon 
being a good conductor of electricity, the 
system may be considered as a single 
fluid element, in which the positive pole 
is formed of an artificial metal having a 
great affinity for hydrogen.” 


MAGNETO-ELECTRIC BATTERY OF 8. HJORTH. 


This invention by S. Hjorth, of Copen- 
hagen, relates to improvements intro- 
duced into the construction of magneto- 
electric batteries, with a view to obtain- 
ing by a slow motion of the armatures 
om a quantity or intensity of elec- 





The improved battery may be con- 
structed of different circles of bar mag- 
nets, set partly around and partly above 
each other, with corresponding interme- 
diate armatures mounted on wooden or 
other suitable disks on a central shaft, 
made to rotate by suitable mechanism. 

When quantity of the electric fluid is 
required, the currents are collected by 
rings, and from thence pass by conduc- 
tors to a commutator mounted at the up- 
per end of the central shaft. When in- 
tencity is desired, the conductors may be 
connected in one length according to cir- 
cumstances. 

The armatures are provided with false 
poles, the dimensions of which corre- 
spond with those of a certain number of 
magnets of similar polarity ; say for in- 
stance 8 or 9 bars. The changes of po- 
larity in the armatures at each revolution 
will consequently be equal to the number 
of these armatures multiplied by the re- 
spective series of magnets of similar po- 
larity. 

The power developed being in ratio 
with the number of changes of polarity 
produced at each revolution, an advan- 
tage may be obtained by the application 
of equal numbers of armatures and mag- 
nets. This arrangement is composed of 
3 disks, each provided with 96 armatures, 
corresponding with the same number of 
magnetic bars, so that each revolution 
gives rise to changes of polarity equal to 


96 x 96=9, 216 x 327, 648. 


The armatures are coiled with wire in- 
ternally and externally. The two inter- 
mediate circles of permanent magnets are 
fixed to brass rings. 

The armature wheel or disk is formed 
of hard wood or other suitable material, 
and is provided with two rings, composed 
of vertical bars overlapping each other, in 
which the armatures are geared. 

It is evident that the concentric series 
of magnets and armatures, as also the 
number of these elements, maybe in- 
creased or decreased according to the ef- 
fect to be produced. In all cases, the ar- 
mature disks should be arranged “ step- 
ways,” so that when the armatures of the 
first series have completely passed be- 
tween the magnets, those of the following 
series reach but half way, and those of the 
third series only commence to be drawn 
in between the magnets. The force of 
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attraction being thus added to the power 
applied to the central shaft, the motion 
of the latter is necessarily facilitated by 
increase in the power of the magnets. 

The form, dimensions, and general de- 
tails of construction of the apparatus 
above described may be varied according 
to its intended application. 


LADD’S DYNAMO-ELECTRIC APPARATUS. 


This apparatus is not in the catalogue, 
but was exhibited in the English depart- 
ment. 

A French journalist thus enthusiasti- 
cally speaks of it : 

“In the judgment of all competent 
persons, the most astonishing object in 
the galleries of the Champ de Mars is 
the machine of Mr. Ladd, constructor of 
physical instruments, of London, exhibit- 
ed under the name of Dynamo-Electric Ap- 
paratus. Very extraordinary in its prin- 
ciple, in its construction, and in its ac- 
tion, it is composed essentially of two 
plates of soft iron about 2 ft. long, 1 ft. 
wide, and 4 in. thick, kept at a distance 
of a few inches from each other. They are 
both of them attached by their ends to 


two kinds of cylindrical surfaces, also of 
soft iron, in the bosom or hollow of which 
turn two armatures of Siemens’ cylinders, 
of soft iron, grooved upon their two 
faces and covered according to their 


length by insulated copper wire. An in- 
sulated copper wire sufficiently large sur- 
rounds also the two plates in compacted 
spirals perpendicular to their length, and 
going from one plate to the other, so as 
to form a closed circuit. The current 
pervades it through a commutator de- 
signed to maintain it always in the same 
direction. The second armature, on the 
contrary, is entirely out of the circuit of 
the first armature and of the plates of 
soft iron. It turns simply opposite the 
second poles of the plates, and becomes 
the seat of an induction current always in 
the same direction, which, conducted by 
the wires soldered to the two poles, goes 
to produce outside the effects of light, of 
heat, of motion, of affinity, or of chemi- 
cal decomposition, as may be desired. 
“Tt is perceived that in itself this 
whole mass of soft iron, of copper wires, 
without steel, without magnets, is abso- 
lutely inert. How can life and activity 
be given to it? By providing it with a 
small quantity of magnetism, by priming 





it magnetically. It is sufficient for this 
strictly to place properly the plates by 
putting them in the magnetic meridian, 
so that the terrestrial magnetism may 
communicate to it a slight magnetism. 
But it is better to make to pass once, and 
once for all, through the wire which sur- 
rounds the plates, the current from a 
Daniels’, Smee’s, or Bunsen’s battery, 
which, after having made them temporar- 
ily electro-magnets, leaves them, the cir- 
cuit being broken, with a little of residual 
magnetism, which magnetism for the fu- 
ture (and if they are not left too long to 
themselves) renders them always ready 
for action, or to create torrents of elec- 
tricity of which they become the source. 
We have thus passed from absolute iner- 
tia to static or powerful activity. Motion 
completes all the rest. It is sufficient, in 
fact, to turn at the same time the two ar- 
matures, so that in returning constantly 
upon itself, the inductive current engen- 
dered at first by the residual magnetism 
incessantly increases the polarity or the 
activity of the plates, which have become 
powerful electro-magnets, and so that the 
second armature becomes the point of de- 
parture of an electric current of quantity 
and intensity proportional to the rapidity 
of rotation of the armatures, or to the 
force expended: by the operator. With 
the machine exhibited, of which we have 
given the dimension so small, the exte- 
rior current is equivalent to that of 25 or 
30 Bunsen elements. 

* It supplies a Foucault regulator of me- 
dium size, and maintains at a white heat 
a platinum wire of more than a yard in 
length and half a millimetre in diameter. 
Here then is the immediate transforma- 
tion, from the only condition, a small 
quantity of residual magnetism, by means 
of mechanical motion, first of power, 
next of electric effects, then luminous, 
calorific, and chemical, ete. Nothing in 
fact is more simple, more effective. Noth- 
ing also is more grand, more unexpect- 
ed, more mysterious. Mr. Ladd has 
borrowed from Mr. Wyld his plates, leav- 
ing out the magneto-electrical apparatus, 
substituting for it simply the residual 
magnetism, and adding a second arma- 
ture, which is the new element of his in- 
vention. He has taken from Messrs. 
Wheatstone and Siemens their return of 
the current upon itself, forcing it thus to 
increase itself, constantly multiplying it- 
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self, and like them rejecting the battery, 
for which there is no necessity.” 

If others do not go quite so far as this 
earnest French writer in designating the 
apparatus of Mr. Ladd as “the most as- 
tonishing object” in the whole Exposi- 
tion, they will certainly agree with him in 
his admiration of the effects of this beau- 
tiful instrument, and in his designation 
of them as “ grand, unexpected, and mys- 
terious.” Mr. Ladd is stated to have 
borrowed from Messrs. Wheatstone and 
Siemens their method of causing the cur- 
rent to return upon itself. 

An account is given of this discovery 
from the pen of the discoverer, the emi- 
nent Dr. Werner Siemens, of Berlin, who 
seems to have observed this effect, and 
utilized it, apparently concurrently with 
Professor Wheatstone, but in reality a 
little before him, as will be seen by the 
following letter addressed to Professor 
Morse : 

‘¢ Bertin, December 30, 1867. 

“ Herewith I send you the translation 
of my communication to the Academy of 
Sciences in Berlin. I have had it done in 
London, for we are very weak in English 
here. As you see by the date of the com- 
munication, the publication took place 
about one and a half month sooner than 
my brother’s and Mr. Wheatstone’s speech 
in London. Already, in November of 
last year, my first machine was in working 
and made known to the scientific men 
here. Wheatstone added something new 
to it. Ladd has the merit of having shown 
a larger machine than that in operation 
in Paris. I had not enough machine 
power in the Prussian department, and on 
that account did not take a very large ma- 
chine with two cylinders, like Ladd’s. If 
you should visit Berlin on your return 
journey (which I hope), I can show you 
this machine, which gives a brilliant elec- 
tric light and produces ten cubic centi- 
metres of oxygen and hydrogen gas per 
second. I could also show you other in- 
teresting apparatus. A new mechanical 
tachygrapher for Morse writing, and an 
electric distance measurer. This would 
be especially useful to steamships, as with 
them we can measure the exact distance 
of steamers, light-houses, coasts, etc., 
while in motion.” 

“On the conversion of mechanical effect 
into electric current without the employment 
of permanent magnets.—When two parallel 





wires forming part of the circuit of a gal- 
vanic battery are approached to or separ- 
ated from each other, a diminution or 
augmentation of the strength of current 
in the whole circuit is observed, according 
as the movement is in the direct or the in- 
verse direction of the forces which the 
currents in two wires exercise reciprocally 
upon each other. 

“The same phenomenon is observable 
still more remarkably when the poles of 
two electro-magnets, whose wires form 
parts of the same galvanic circuit, are 
made to approach or recede from each 
other. If the direction of the current in 
one of the wires is changed at the moment 
of their greatest or least distance, as is the 
case in all electro-dynamic rotating appa- 
ratus, a lasting diminution of the current 
occurs as soon as the apparatus is put into 
motion. This diminution of the current 
of the battery by opposite induction cur- 
rent it is which renders it impossible to 
employ galvanic electricity successfully as 
a motive for the production of mechanical 
effects. Suppose such a machine to be 
turned backward by some foreign force, 
it is evident that these induction currents 
must add themselves to that of the battery, 
which they proportionally strengthen ; 
and since an increase of this circuit cur- 
rent is necessarily followed by an increase 
of magnetism in the soft-iron cores, and 
then again by a further corresponding in- 
crease of currents, and so on, the accumu- 
lation very soon reaches a point at which 
the galvanic battery may be removed from 
the circuit without occasioning any per- 
ceptible diminution in the resulting cur- 
rent. The moment the rotation is inter- 
rupted, however, the current ceases and 
the magnetism vanishes. Sufficient mag- 
netism remains, nevertheless, in the iron 
to cause the process of accumulation to 
recommence from the moment that the 
rotation is renewed. Itis only necessary, 
therefore, to magnetize the iron once by a 
galvanic current of short duration in 
order to render it forever afterwards ca- 
pable of being recalled into action by 
=— rotation. 

“The direction of the current depends 


upon the polarization of the residuary 
magnetism ; and it can only be changed 
when, by means of a galvanic current, the 
residuary magnetism of the iron is 
changed. 

“The effects here described take place 
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also with every electro-magnetic machine 
whose movements depend upon the attrac- 
tion and repulsion of electro-magnets 
whose wires form a single circuit. Never- 
theless, in order to provide apparatus 
especially for showing powerfully the phe- 
nomena of the dynamo element, a particu- 
lar construction is found to give the best 
results. The wire of the stationary electro 
magnet must have a sufficient magnetic 





| correspondingly expensive. 


terial extent. On this account, steel 
magnets are not well adapted for employ- 
ment in magnet inductors which are re- 
quired to produce very strong currents. 
It is true that such machines have been 
made with permanent magnets, which 
have given an intense electric light, but, 
in order to attain this, they were required 
to be of colossal dimensions, and were 
In addition 


inertia, so that the strength of the at-|to this, the magnets lost very soon the 
tained magnetism does not diminish | major part of their magnetism, and the 


during the reversing of the current in the 
wire of the rotating armature. It is also 
essential that the armature should be so 
constructed that during its rotation the 
opposite polar faces of the electro-magnet 
should be always magnetically closed. 
These conditions are best fulfilled by the 
employment of the band form of armature 


proposed by me some years ago, and | 


which has since then come very generally 
into use. The armature in question con- 
sists of a cylinder of soft iron rotating 
upon its axis. It carries an insulated 
wire wound in two deep longitudinal 
grooves, one in each side. The poles of a 


battery of permanent magnets, or, in this 


case, those of the stationary electro-mag- 
net, are cut out so as to let the armature 
rotate with the least possible space be- 
tween them. 

“ By means of a machine constructed 
upon this principle, if the proportions of 
the various component parts are justly 
determined and the commutator properly 
placed, and a sufficient velocity of rotation 
given to the barrel armature, a current 
may be produced in the wire which is so 
intense that it develops heat enough to 
burn the covering with which the wire is 
insulated. This accident, however, can 
be avoided, when the machine is required 


to be kept in constant action, by the in- | 
troduction of resistances or by modera- | 


ting the velocity of rotation. 

“ Magneto-electro inductors do not in- 
crease in power proportionally with an in- 
crease of dimensions, whereas with the 


machine in question the reverse is the | 


case. The reason of this is that in per- 
manent magnets the magnetism increases 
in a very small ratio to the weight of me- 
tal of which they are made, and that with 
a battery of permanent magnets it is im- 
possible to concentrate their action upon 
a limited surface without their mutually 
diminishing their strength to a very ma- 





machine therefore its force. 

“Mr. Wyld, of Birmingham, has lately 
constructed a machine for the production 
of powerful magneto-electric currents, 
whose capability he has increased by the 
employment of two barrel inductors of my 
construction, as described above. In the 
larger of the two he has substituted an 
electro-magnet for the battery of perma- 
nent magnets, setting it in action by the 


_ current of the smaller one, and as the 








i 


electro-magnet becomes more strongly 
magnetic than permanent magnets could, 
the resulting current is correspondingly 
stronger. 

“Tt is easily seen that Wyld has, by 
this construction, considerably obviated 
the difficulties found in employing steel 
magnets. But independently of the in- 
convenience attending the use of two in- 
ductors, his apparatus has still the disad- 
vantage that it is directly dependent upon 
the steel magnets of the first inductor for 
the efficiency of its operations.” 


SULPHATE OF MAGNESIA BATTERY. 


A new battery is described by Mr. Mc- 
Gowan, general superintendent of tele- 
graphs in Victoria, Australia, as produ- 
cing an economy over the sulphate of cop- 
per battery, used for the local battery to 
work the register. 

This form is known as the sulphate of 
magnesia battery, and has been patented. 
“The containing cell is of more than ordi- 
narily large dimensions; the negative and 
positive elements are copper and zinc, cylin- 
drical in form, and the exciting fluids are: 
1, sulphate of magnesia, in the form of a 
nearly saturated solution ; 2, sulphate of 
copper in broken crystals. The former 
surrounding the metals in the containing 
vessel ; the latter in partial solution, ad- 
mitted through a perforation at the ex- 
tremity of a conical glass receiver, placed 
within the interior cylinder.” 
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SUBMARINE TELEGRAPH CABLES. 


In consequence of the success which has 
attended the use of submarine telegraph 
cables, and especially the great success of 
the Atlantic cable enterprise, the attention 
of the skilful has of late been turned to 
the importance of improving and perfect- 
ing them. 

‘here were many electrical experiments 
made with submarine conductors for va- 
rious scientific purposes previous to their 
application to telegraphy. 

it is believed that the first submarine 
telegraph line was laid and operated in 
New York harbor by Morse, in October, 
1842. Although destroyed early after its 
submersion, by the anchor of a vessel get- 
ting under way, it was not destroyed until 
the fact of its ability to transmit de- 
spatches was fully demonstrated. The gold 
medal of the American Institute was be- 
stowed for this success. 

Since that date the skill of European, 
especially of English, French, and Prus- 
sian savans, has succeeded not only in 
improving the construction of submarine 
cables, but in extending them in various 
directions from the United Kingdom 
across rivers, straits, and channels, and 
through seas, until the islands and conti- 
nents of the eastern hemisphere are to a 
great extent telegraphically united, and 
the great enterprise of the day, the Atlan- 
tic telegraph, through the skill and perse- 
verance and capital ‘of English and Ameri- 
cans, has been the overcoming of the ap- 
parently insurmountable obstacle of an 
ocean deemed until recently unfathom- 
able. It is unnecessary here more than 
to allude to this well-known enterprise, 
since the exhaustive history of it is fami- 
liar to all who have read the history of 
the Atlantic telegraph in the graphic 
pages of Doctor Russell and the Reverend 
Henry Field. 


COMPOUND TELEGRAPH WIRE. 

As directly connected with the improve- 
ment of submarine cables, attention is 
drawn tothe “ compound telegraph wire,” 
the invention of Moses G. Farmer, Esq., 
of Boston, who exhibited the thermo-elec- 
tric battery, already described. 

Mr. Farmer, in a letter to Professor 
Morse, dated Boston, July 29, 1868, thus 
describes this valuable improvement, and 
the tests to which it has been subjected : 

“T sent to you, a little time since, a 





pamphlet relating to our new compound 
| telegraph wire, composed of a steel core 


and a copper covering, the whole coated 
with an alloy, principally tin, for preserv- 
ative purposes. You will take in at a 
glance the numerous advantages of this 
wire. 

“As has been most fully shown by 
Thomson’s researches, and amply de- 
monstrated by the working of the Atlantic 
cable, the speed at which a line can be 
worked is directly as its conductivity, and 
inversely as its electro-static capacity. 
The distance, also, which can be reached 
is directly as the conductivity, and as the 
degree of insulation. Anything, there- 
fore, which improves the conductivity, or 
diminishes the static capacity, or increases 
the insulation, is a benefit. 

“ Let us look for a moment at the com- 
parative conductivity, strength, and speci- 
fic weight of iron, steel, and copper. I 
have carefully measured and recorded one 
or all of these elements for more than 
fifty samples in common use. I find upon 
an average that from 2? to 3 miles of com- 
mon telegraph iron w ire would break of 
its own weight if suspended vertically; 
about 1 miles of copper, and about 7} 
miles of the steel which we use. I copy 
my coefficients : 

ire 


“Now, for weight per “ile take the 
diameter of the wire in inches, and multi- 


ply its squase by— 


4 
For copper......... 15400. Gi) 


“The result will be the weight per mile, 
5,280 ft. 

“Now, for conductivity, assume as uni- 
ty a round wire of chemically pure copper, 
zy in. in diameter; it would weigh 394 
lbs. per mile. I will copy my latest co- 
efficients, which, if multiplied by the 
weight per mile, will give the actual con- 
ductivity in terms of the unit above as- 
sumed, viz.: 

el 
G) 


For steel........ Ccccccces 
ae -02045. 
For galvanized iron........ 00355. 
“The coefficient for copper, .02045, is 
one for commercial copper, which I used 
in making up the tables in the pamphlet 


-00262. 
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referred to. We now use a copper, for | 
which the proper coefficient is, .02301, or 
90 per cent. of pure copper (which would 
be .02556). 

“The resistance of 5,280 ft. of pure cop- | 
per wire, weighing 39.11 lbs., would be | 
about 21.3 B. A. units. 

“Now, with the help of these coefti- 
cients, let us examine 2 or 3 wires. No. | 
8 iron wire weighs 375 lbs. per mile. 


(Vide Shaffner, L. Clark, M. G. Farmer.) | 


Hence its tensile strength, or the weight 
which would break a short length of it, 
would be T=2.9375—1087 pounds, and 
its conductivity would be C=.00355 X375 


==1.331—Farmer’s latest ; (C—=1.298, L. | 


Clark). This refers to ordinary galva- 
nized iron wire, at about 10 or 104 cents 
per pound, and not Washburn’s best at 14 
cents. ' 

“ Now, take 56 Ibs. per mile of steel : 


Its T = 7.47 X 56 = 418. 
Its C = .00262 56 = 1467. 


“Take, now, 56 lbs. of copper per mile, 
and we have : 


lis T 
Its C 
Or its CU 


“Now the combined strength of the 
two would be— 


1.72 X56 
.02045 X 56 
02301 <X 56 


96. 
1.145. 
1, 288. 


T steel + T copper =,T compound. 
418 + 96 = 514 pounds. 


“And the combined conductivity would 
be— 


C. steel + C. copper = C. compound. 
146 + 1.145 = 1.291. 


“Or, as we now make it— 
.146 + 1.288 = 1.434. 
“Thus we have a compound wire weigh- 
ing 112 lbs. per mile, having a conductiv- | 
ity of from 1.291 to 1.434, according to | 


the copper used, fully equal, if not supe- 
rior, to that of average No. 8 galvanized | 


Galvanized iron wire. 
































514 
514 
| 514 


112) 
112). 
~ 


272 
136 
091 











“So that with 23 posts per mile, in- 
stead of 38, the insulation would be 33— 
23-—-23—,85,—65 per cent. better, and 

| with a sag of 2 ft., the strain on the wire 
| at the insulator would be only about } of 
| that required to break a short length of 
the wire; and with a sag of only 1 ft., the 
| strain would be less than } of its ultimate 
strength. The uniformity and homoge- 
neity of the steel render it less likely to. 
break from flaws (and the short experi- 
ence which we have had with it shows 
this). The saving of cost per transporta- 
tion is evident at a glance. 

“ Now let us look at a larger wire. Sup- 
pose 187 lbs. per mile of steel, and 188 lbs. 
per mile of copper equal 375 lbs. per mile 
| (same weight as a No. 8 galvanized iron, 
| which has a tensile strength of 1087), and 
a conductivity of 1.331 (at best average): 








w 


U 


| rl 


w 


= Cc 





187 
158 


1397 | .490 
829 | 4.324 
1720 | 4.814 


| 


“Here we have an increase over No. 8 





375 











iron wire (1.298 to 1.331), which com- | of 1720 ~1087--1087=,34,, or 58 per cent. 
pound wire will require $}4—4.58, or 4} | in tensile strength, an increase of 4.814 — 
miles to be suspended vertically to break | 1.331—1.331—261 per cent.; or, in other 
of its own weight, being more than 50 per | words, we cuuld reach three and a half 
cent. stronger than iron wire in propor-| times as far with the compound wire as 
tion to the weight which it has to sustain. | with the iron of equal weight per mile, 
Hence it can probably be put up with | while the insulation could be improved 
fewer poles per mile, thus increasing the | by the use of fewer poles per mile, this 
degree of insulation. wire being nearly sixty per cent. the 
“T will here insert two tables : stronger.” 


Vou. I.—No. 6.—39 
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Table showing the relative weight, strength, and con- 
ductivity of the compound and other wires. 








aS 
C fe. 





Table No. 1 1091 | 1.331 








Table No. 2: 
Steel 
Copper. 


-490 


1397 
5| 4.324 


325 
1722 





Compound.. 4.814 











889 
205 


-311 
2.737 


3.048 





Compound.. 1094 











Table No. 4: | 
Sed... +. 388 
89 | 


477 | 1.332 


136 
1.196 











Compound... 








Table No. 5: | | 
583 | .204 


511 | 6.831 


104 | 7.035 
| 











2768 | 935 
31| .414 


375 2799 | 1.349 











. 356 
. 989 


1.345 


136 
43 


179 | 1090 


1016 
74 





Compound. . 








Table No. 8: 
5 .147 
1.288 


1.435 


418 
96 


514 


56 
56 


112 





1.07 

















Explanation of Columns.—Ist, (7) weight per 
mile ; 2d, (T) a, strength ; 3d, (C) conducti- 
vity ; 4th, (cx) conductivity compared with 


common No. 8 galvanized wire. 

Table No. 1 contains the elements for the aver- 
age of No. 8 galvanized iron telegraph wire; table 
No. 2, compound wire of equal weight; table No. 3, 
compound wire of equal tensile strength; table 
No. 4, compound wire of equal conductivity; table 
No. 5, compound wire of equal weight and tensile 





strength ; table No. 6, compound wire of equal 
weight and conductivity; table No. 7, compound 
wire of equal tensile strength and conductivity ;_ 


table No. 8, compound wire, or ordinary equiva- 
lent of No. 8 galvanized iron wire, such as costs 
ten to eleven cents per mile at present. 


The improvement of Mr. Farmer in the 
construction of telegraph wire is consid- 
ered of so much importance as to warrant 
the insertion here of a more detailed 
specification of its advantages; and in 
view of the obstacles encountered in the 
construction of lines in the Ottoman Em- 
pire, to which the energetic director of 
Turkish telegraph alludes in his letter to 
the United States Minister resident in 
Constantinople, inserted in Chapter VI. 
(obstacles occasioned by the accumulation 
of ice upon the wires in certain localities), 
we specially commend the fact that the 
compcund wire seems specially adapted 
to obviate these difficulties : 

“There is a growing tendency in this 
and other countries to employ larger wire 
for telegraph purposes, in order to obtain 
a greater conducting capacity. 

“ Notwithstanding the many disadvan- 
tages attending the use of large telegraph 
wire, No. 4 has been adopted on impor- 
tant lines and for long circuits, in Eng- 
land, Russia, and other countries, solely 
for its superior conductivity ; and it is 
well understood by telegraphers in gen- 
eral, that for the rapid and successful 
operations of the circuits, much depends 
upon this element. Especially is this the 
case in wet weather and upon long lines. 

“Under certain conditions of the lines, 
consequent upon wet weather, superior 
conductivity will accomplish that which in- 
creased battery power utterly fails to do, 
and repeaters at intermediate offices, with 
their necessary main batteries, accomplish 
but imperfectly and unsatisfactorily, as a 
general rule, and in many cases fail to do 
altogether. 

“ Pure copper wire, having a conducting 
capacity of nearly 7 times that of galva- 
nized iron wire, has, of course, a great ad- 
vantage in this respect for telegraph pur- 
poses. Its use, however, has been pre- 
vented in consequence of lack of sufficient 
strength to sustain itself. 

“In the American compound telegraph 
wire this vital objection to the employ- 
ment of copper alone for this purpose is 
obviated, and a conductivity and relative 
strength, superior to that of galvanized 
iron, are combined in a lighter wire. 

“The composite parts of this wire are 
steel and copper, the steel forming the 
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core, and serving mainly for strength, while | my in construction, but it will effect a de- 
the copper serves more especially as a crease of twenty-five per cent. or more in 
superior conductor. | escape of the electric current. 

“In regard to relative strength, it is | “In stringing over the tops of buildings, 
well known that the breaks in ordinary | stretches may be safely made double the 
galvanized telegraph wire, occasioned by | length of those taken with the ordinary 
accumulations of ice and snow, and from | telegraph wire, and yet with less strain 
other causes, occur at weak points, or at | upon the insulators. 
imperfections which are caused by flaws| “Another point in its favor is the im- 
existing in the iron before galvanizing, as | perishable nature of copper, which, in this 
well as from the effects of that process. wire, is the exposed metal ; the zine coat- 

“We therefore claim that our com-| ing of the galvanized iron being deterior- 
pound wire, even with a relative strength | ated near the sea, and from the effect of 
no greater, theoretically, than that of a| gases, etc., from chimneys, while copper 
galvanized iron wire, will be much less | will remain, under such conditions, unim- 
liable to breakage from these causes, in| paired. In fact, under all circumstances, 
consequence of the uniformity of strength | the durability of the compound wire is 
in the steel core, while, in fact, the rela- | greatly superior to that of the galvanized 
tive strength itself, of the compound wire, | wire in general use.” 
is very much the better of the two. At the risk of some repetition the fol- 

“Steel wires, of sizes varying from No. | lowing observations upon conductors and 
12 to No. 16, stretched from pole to pole, | insulation are extracted from a more re- 
across streams from one-quarter to three- | cent publication by the American Com- 
quarters of a mile in width, in the United | pound Telegraph Wire Company, of 
States, which have withstood the accumu- | which Mr. Moses G. Farmer is the con- 
lations of ice and sleet for years, are good | sulting electrician. 
illustrations in this connection. One| “The method most commonly in use 
special instance may be cited of a No. 16| now, and always likely to be, for the con- 
steel wire, between fourteen hundred and | struction of lines of telegraph, is to stretch 
fifteen hundred feet in length, which has/|a line of wire in the air from one pole to 
been in operation across the Kennebec | another, attaching it to the pole by the 
River, in Maine, for the past eight years ; | intervention of an insulator, connecting 
and which, we are informed by the/ each end of the circuit with the ground. 
superintendent of the line, has parted | The reason we use an insulator is that we 
twice only during that period—in each | wish to transmit as much as possible of 
case having been untwisted at a joint by | the current to the far end of the line be- 
the great strain upon it caused by an im-/| fore it enters the ground. 
mense accumulation of ice, the wire itself “ Now, as a current of electricity divides 
remaining intact. itself into as many branches as there are 

“The advantages of increased conduc-| paths open for it to travel in, and since 
tivity and strength having been briefly set | the proportion of the whole current flow- 
forth, there are other practical advantages | ing in any particular path depends on 
to be gained in the use of the American | the conductivity of that particular path, 
compound telegraph wire, to which we| in comparison with the sum of the con- 
would respectfully call the attention of| ductivities of all the paths, we wish to di- 
contractors and telegraph companies. minish the number and value of the paths 

“Large wire is used only because of its| of escape down the several posts which 
superior conductivity ; and it is obvious | support the line. 
that a light wire is preferable in handling| ‘To maintain a current of electricity in 
and stringing, which can be done with| a line of telegraph, we employ some form 
less labor. of galvanic battery. Those most generally 

“ Also, maintaining a superior conduc-| used are the Grove nitric acid and the 
tivity and relative strength, the lightness} Daniels sulphate of copper battery. 
of this wire will admit of an average of at | About five of the latter are equivalent to 
least ten poles to the mile less than would | three of the former in ability to work a 
be otherwise necessary. long line. 

“This reduction in the number of poles} “Since, however good the insulator 
per mile will not only conduce to econo-| may be, some small portion of the current 
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escapes from the line, over it, down the 
post to the ground, it is manifest that if 
the line be long, the posts many, and the 
insulators very poor, a small portion only 
of the entering current may reach the far 
end of the line. 

“The law which governs this may be 
thus enunciated. If thejcurrent upon the 
line near the battery be called the enter- 
ing current, and that upon the distant 
end near where it enters the ground be 
called the arriving current, then the dis- 
tance to which any stated fraction of the 
entering current will reach is propor- 
tioned directly to the square root of the 
conductivity of the wires, to the square 
root of the insulating power of the insu- 
lator, and inversely to the square root of 
the number of poles per mile used. It is 
customary, of late, to compare the resist- 
ance of different wires with one another, 
by referring them to the standard adopt- 
ed by the British Association for the Ad- 
vancement of Science. 

“This unit is sometimes called an ohm, 
or an ohmad, a name given in honor of 
Dr. G. 8.Ohm ,who so fully developed the 
laws which govern the distribution and 
action of a galvanic current; an unit a 
million times larger than this, and called 
a megohm, is used to compare the resis- 
tance of insulators. 

“ A round wire of pure copper 3, of an 
in. in diameter and about 250 ft. in 
length, nearly represents this unit of re- 
sistance ; a nearer representation of it is 
around wire 1 ft. in length, and »A§, in. 
in diameter, made from an alloy com- 
posed of two parts of silver and one part 
of platinum. 

Since a pure copper wire is from 6 to 8 
times as good a conductor as an average 
iron wire of the same size, and since the 
distance to which we can work a line of 
telegraph depends, among other things, 
upon the conductivity of the line, it is 

in that it would be desirable to use 
copper if it answered as well in other re- 
spects as it does for conductivity ; and 
the first lines in this country were actual- 
ly constructed of copp2r, but it was soon 
found that its ductility and inferior tena- 
city rendered it inapplicable to the pur- 
pose. So iron wires soon came to be 
substituted for copper, and size No. 9, 
weighing about 320 lbs. per mile, was se- 
lected, as it seemed to generally possess 
about the same conductivity as did the 





No. 16 copper wire, which had been 


hitherto used. 

“ Since 1847 iron wire has been almost 
wholly used in this country, until within 
the past year, when the American com- 
pound telegraph wire made its appear- 
ance. This wire is the result of almost 
numberless attempts which have been 
made to utilize the well-known conduct- 
ing power of copper ; and it is at last ac- 
complished by uniting copper, the best 
conductor, with steel, the strongest known 
material; thus at once securing light- 
ness and strength with great conductiv- 
ity in the same wire, copper being 6 or 
8 times as good a conductor as iron, and 
steel being twice or thrice as strong. 

“The American compound telegraph 
wire has a core of carefully-selected and 
well-manipulated steel, which core is first 
tinned, and then has drawn upon it a 
strip or ribbon of the very best Lake Su- 
perior copper, which is selected with the 
greatest care. 

“In the course of its manufacture it 
goes through a great number and variety 
of processes, such as annealing, temper- 
ing, drawing, etc., and the completed 
wire is finished by passing it through a 
bath of melted tin, by which the copper 
and steel are welded into and made one 
complete whole. 

“The smaller sizes are generally drawn 
into lengths of 1,000 to 1,500 ft., and are 
put up in mile bundles, 3 or more pieces 
being carefully joined together at the fac- 
tory. 

“A wire of ordinary iron, weighing 
about 320 lbs. per mile, and known to 
the trade as No. 9, will offer from 17 to 22 
units of resistance or ohms to the mile. 
A compound wire composed half of steel 
and half of copper, offering the same 
mileage resistance, will weigh only about 
100 lbs. per mile; an iron wire of ave- 
rage quality, weighing 375 lbs. per mile, 
and known as No. 8, will offer the same 
mileage resistance as a compound wire of 
less than } that weight. 

“None is suffered to go out from the 
factory as first-class wire, in which the 
conductivity of the copper is less than 90 
per cent. that of chemically pure copper. 

“It is manifestly a great advantage to 
nse a light wire, if it presents the requir- 
ed ability to sustain itself, since it pro- 
duces less strain upon the insulators, 
which are always brittle, and requires 
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posts of less strength to sustain it. The 
cost of transportation is also less, as also 
is the cost of handling in stringing, etc. 

“The compound wire possesses another 
advantage, based on the fact that steel, 
even at a low temper, possesses a great 
degree of elasticity, so much so that it 
can be stretched or elongated one two 
hundred and fiftieth part of its length 
without taking a permanent set ; but will, 
upon removal of the strain, return to its 
original length ; and itis a fact that when 
a tree falls upon a line of the compound 
wire and does not break it, when the tree 
is removed the wire returns nearly or quite 
to its original position, instead of remain- 
ing stretched as does an iron wire. 

“From this cause a line of compound 
wire keeps up to its original height, and 
does not sag more and more year after 
year, asan iron wire does. 

“In order to show clearly the advan- 
tages which the compound wire offers in 
the construction of lines of telegraph, it 
may be well to compare the relative con- 
ditions as to strength and ability to work 
lines built of iron wire, with equally effi- 
cient lines constructed with compound 
wire. 

“A very common mode of construction 
has been to use No. 9 iron wire, weighing 
320 lbs., and putting it up on 35 poles per 
mile, with glass insulators on wooden 
pins, which insulators, in a long-continued 
rain storm, would not offer more than two 
or three megohms of resistance. We will 
suppose one wire used, the posts to be 25 
ft. above ground. If the wire be ef very 
good quality it will offer 18 ohms per mile 
of resistance, and if it be soft it will gene- 
rally break at a strain of about 1,000 lbs. ; 
but there being always more or less of 
flaws in a mile of the wire, if it be put up 
very taut it will break a few times the 
first year. We will suppose the posts 150 
ft apart, and the sag i the wire midway 
between the posts to be 9 in.; this would 
be called pulled up pretty straight. The 
strain on the wire near the insulator 
would be 250 lbs., or 25 per cent. of the 
ultimate strength of the iron; and it 
would be more than that, as the strength 
of a wire is that of its weakest cross-sec- 
tion, and there being occasional flaws, 250 
Ibs. would sometimes be as much as } of 
the real strength of the wire. 

“ With a mileage resistance of 18 ohms, 
and with 35 insulators per mile, which 





offers 3 megohms resistance each in @ 
very rainy day, the fraction of the enter- 
ing current which would reach the end of 
the line, 250 miles distant, would be about 
54 per cent. The apparent resistance of 
the line, measured from one end, would 
be only about 238 ohms, instead of 4,500, 
which it would be if the line were insulated 
to absolute perfection. Suppose now that 
ordinarily 30 Grove cups are used at one 
end only, the total electro-motive force of 
the 30 cups will be about 48 volts, and the 
internal resistance of the 30 cups should 
not exceed 12 ohms; then the total resist- 
ance of the circuit, with all the relays cut 
out, would be 238-+-12—250 ohms, and the 
strength of the entering current would be 
192,000 of a megafarad, or 192,000 farads. 

“This is from 10 to 15 times as much 
strength of current as is ordinarily re- 
quired to work a relay; and, indeed, the 
54 per cent. of it, or 10,176 farads, is 
amply sufficient to work the relay at the 
distant end of the line. 

“ We will now suppose that we employ 
a compound wire weighing 200 lbs. per 
mile, 90 lbs. of this wire being steel, and 
110 lbs. of it being copper—its breaking 
strain will be about 1,040 lbs.; } of this 
will be 260 Ibs., and if it be put up on 19 
posts per mile, with asag of 16 in. midway 
between the poles, the ratio of the span to 
the sag will be the same as in the former 
case. The tension on the wire will be the 
same fraction of its ultimate strength, as 
in the case of the iron wire on 35 poles 
per mile ; and from its superior homo- 
geneity it will be less likely to break. 

*“ Now, on a line thus constructed, the 
conducting resistance being 7.72 ohms per 
mile, and there being only 19 insulators 
of 3 megohms each per mile, we shall find 
that 34 per cent. of the entering current 
arrives at the terminal station, 250 miles 
distant, instead of 5}, as with the No. 9 
iron wire; and we shall find that 12 cups 
of Grove’s battery will cause as strong a 
current to arrive at the distant end as did 
the 30 cups on the previous iron wire. 

“Some of the best constructed lines in 
the United States use a wire of extra 
quality, weighing 380 pounds per mile, 
with as low a mileage resistance as 13 
ohms. 

“These lines are built on 38 to 40 posts 
= mile, with glass insulators that in a 

ard rain do not show more than 9 meg- 
ohms resistance each. 
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“A line so constructed would be capa- 
ble of transmitting 90 per cent. of the 
entering current to a terminal station 70 
miles distant, and 10 per cent. of the cur- 
rent to a terminal station 484 miles dis- 
tant. 

“But if a compound wire, half of steel 
and half of copper, weighing 140 Ibs. per 
mile, and having a mileage resistance of 
12 ohms, be put on 12 posts instead of 38, 
with the same kind of insulators, we 
should find that 90 per cent. of the enter- 
ing current could be transmitted over a 
line 131 miles long, and 10 per cent. over 
a line 750 miles in length. 

“Tf, instead of the compound wire, 
weighing 140 lbs.—only about 3 the weight 
per mile of the iron—we make it weigh 
the same, namely 308 lbs. per mile, its 
mileage resistance would be only 4,5 
ohms; and if it be put up, as in the last 
example, we should find that 90 per cent. 
of the current would be received at a ter- 
minal station 213 miles distant, and simi- 
larly 10 per cent. at a station 1,225 miles 
away. 

“Tt is clear that the principle involved 
in the foregoing examples, namely, trans- 


mitting an increased percentage of the 
current by means of superior conductivity, 
or insulation, or both, is applicable to the 
double transmission and other intricate 
systems, as well as to the working of long 
circuits, and general operations in humid 
weather. 

“ Increased conductivity becomes of spe- 
cial importance to those systems which 
strive for greatly increased rapidity of 
transmission, particularly on long lines, 
as this feature alone aids us to overcome 
the retardation due to lateral induc- 
tion. 

“Its special advantages are also mani- 
fest on lines which may be liable to contact 
with trees, as the percentage of a current 
which will pass beyond a given local fault 
will be greater as the conductivity of the 
wire is increased. In other words, the 
greater the conductivity of the wire the 
less the escape from it. 

“We have thus endeavored briefly to 
set fortha few of the advantages which 
this wire offers to enterprising contractors 
and companies which desire to remove 
the odium that has hitherto been the 





standing reproach of American lines.” 





THE TEMPERATURE OF COAL MINES. 


From “ The Mining Journal.” 


A paper by Mr. Edward Hull, the well- 
known geologist, entitled “Observations 
on the Temperature of the Strata taken 
during the Sinking of Rose Bridge Col- 
liery, Wigan,” was read at the Royal So- 
ciety last week. Mr. Hull stated that, in 
an elaborate paper by Mr. W. Hopkins, 
entitled “‘ Experimental Researches on the 
Conductive Powers of various Substances,” 
published in the Philosophical Transac- 
tions for 1857, an account is given ofa series 
of experiments made under the general 
supervision of Mr. Hopkins, F. R. S., him- 
self, and Mr. W. Fairbairn, F. R. S., during 
the sinking of the Astley Pit of Dukinfield 
Colliery, in Cheshire. At the time this 
paper was written the depth attained was 
only a little more than 1,400 ft., and the 
rate of increase between the depths of 700 
ft. and 1,330 ft. was found to be 1 deg. 
Fahr. for about 65 ft. These observations 
were subsequently continued until the pits 
had attained their full depth of 717 yards 
from the surface. The last observation 


made was in the shale overlying the coal 
seam, known as the Black Mine, which it 
'was the object of the proprietor, Mr. 
Astley, to reach, and the temperature was 
' found to be 75 deg. Fahr. Assuming the 
“stratum of constant temperature,” or, 
as it is also called by Humboldt, “ the in- 
variable stratum,” to be that which was 
reached at 16.5 ft. with a temperature of 
51 deg. Fahr., the total increase of tem- 
perature would amount to 24 deg. Fabr., 
giving as the rate of increase 1 deg. Fahr. 
for every 88,925 ft. This is much below 
the average rate of increase. During a 
part of the period above referred to (from 
1854-6), another coal pit was being sunk 
at Wigan, which reached the depth of 600 
yards, down to the celebrated Cannel Mine. 
At this pit similar observations on the 
temperature of the strata were made very 
carefully by the manager, Mr. Bryham, 
which were kindly communicated to my- 
self for publication, and will be found in 





my work on the “Coal Field of Great 
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Britain.” The ultimate temperature at- 
tained in this pit at the depth from the 
surface of 600 yards was found to be 72 
deg. Fahr. ; and assuming the invariable 


stratum to be the same as that at Dukin- | 


field Colliery, the resulting rate of increase 
would be 1 deg. Fahr. for every 61.5 ft., 


open pit during the descent. These are 
given in the table annexed. By a com- 
parison of the results in the two columns, 
it will be observed that as the depth in- 
creased, the differences between the cor- 
responding temperatures in the pit and 
| the strata tended to augment; in other 


which accords very closely with the result | words, the temperature of the strata was 
obtained by Prof. Phillips, F. R. S., at the | found to augment more rapidly than that 
Monkwearmouth Colliery. | of the open pit. The effects of the high 

Since the time above referred to, the temperature and pressure on the strata at 
proprietor of the Rose Bridge Colliery, | the depth of 2,425 ft. are, as I am inform- 
Mr. J. Grant Morris, determined to carry} ed by Mr. Bryham, making themselves 
down the shafts from the Cannel seam to | felt, and cause an increase in the expense 
the Arley seam of coal, which was known | both of labor and timber for props. This 
to lie more than 200 yards below it; and | colliery, in fact, will be in a position to 
consequently in the spring of 1868 pre-| put to the test our views and speculations 
parations were commenced for carrying | on the effects of high temperature and 
out this project. In the incredibly short | pressure on mining operations. In order 
time of one year and two months the Ar- | to obtain the average rate of increase of 
ley coal was struck, and was found to be | heat as shown by the experiments at Rose 
of good thickness and quality. The total | Bridge Colliery, we may assume, in the 
depth reached was 808 yards, and the | absence of direct observation, the position 
ultimate temperature in the coal itself was | and temperature of the invariable stratum 
found to be 934 deg. Fahr. The manager | to be 50 ft. from the surface and 50 deg. 
of the colliery, Mr. Bryham, sensible of the | Fahr., which is probably nearly the mean 
value of observations on the temperature | temperature of the place. With these 
of the strata at such unusual depths (this | data, the increase is 1 deg. Fahr. for every 


being probably the deepest colliery in the 
world, certainly in Britain), made a series 
of observations with as much care as the 
circumstances would admit, and has in- 


trusted them to me for publication. The 
mode of taking the observations was as 
follows : On a favorable stratum, such as 
shale, or even coal, having been reached, 
@ hole was drilled with water in the solid 
strata to a depth of 1 yard from the bot- 
tom of the pit. A thermometer was 
then inserted for the space of 30 min., the 
hole having been sealed and made air- 
tight with clay. At the expiration of the 
half hour the thermometer was taken up 
and the reading noted. It might possibly 
be objected that the time allowed (30 
min.) was sufficient for the embedding 
of the thermometer, and that the readings 


| §4.57 ft., which approximates to that ob- 
|tained by Prof. Phillips, at Monkwear- 
| mouth, of 1 deg. Fahr. for about every 60 
| ft. If, on the other hand, for the purpose 
| of comparison, we adopt the measurements 
| for the invariable stratum as obtained at 
| Dukinfield, we find the rate of increase to 
| be 1 deg. Fahr. for every 47.2 ft. as against 
| 1 deg. Fahr. for every 83.2 ft. in the case 
| of Dukinfield itself. 
| So great a discordance in the results is 
| remarkable, and is not, in my opinion, at- 
_ tributable to inaccuracy of observation in 
making the experiments. On the other 
hand, I may venture to suggest that it is 
| due, at least in some measure, to dissimi- 
larity in the position and inclination of 
the strata in each case. These I now pro- 
ceed to point out. Rose Bridge Colliery 


are liable to error from this cause. I feel | occupies a position in the centre of a gen- 
sure, however, that if any error has arisen | tly sloping trough, where the beds are 
it is inappreciable, and does not in the nearly horizontal; they are terminated 
least invalidate the general result. In| both on the west and east by large parallel 
fact, I am assured by Mr. Bryham that, | faults which throw up the strata on either 


from actual testing on several occasions, 
he found less than this time of 30 min. 
sufficient for the purpose required. 

While the temperatures of the strata 
were being measured, observations were 
also carried on pari passu on those of the 


| side. The colliery is placed in what is 
known as “the deep belt.” Dukinfield 
| Colliery, on the other hand, is planted 
upon strata which are highly inclined. 
The beds of sandstone, shale, and coal rise 
and crop out to the eastward at angles 
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varying from 30 deg. to 35 deg. 


think we may assume that strata consist- case, varying conducting powers. 


ing of sandstone, shales, elays, and coal, | 
alternating with each other, are capable 
of conducting heat more rapidly along the | 
planes of bedding than across them, dif- 
ferent kinds of rock having, as Mr. Hop- | 
kins’ experiments show, different conduct- 
ing powers. If this be so, we have an evi- 
dent reason for the dissimilar results in | 
the two cases before us. Assuming a con- 
stant supply of heat from the interior of 
the earth, it could only escape, in the case | 
of Rose Bridge, across the planes of bed- | 


Now, I | resistance offered by strata of, in each 


On the 
other hand, in the case of Dukinfield, the 
internal heat could travel along the eteeply 
inclined strata themselves, and ultimately 
escape along the outcrop of the beds. I 
merely offer this as a suggestion explana- 
tory of the results before us, and may be 
| allowed to add that the strata at Monk- 
|wearmouth Collier y, the thermometrical 
observations at which correspond so close- 
| ly with those obtained at Rose Bridge, are 
‘also in a position not much removed from 
the horizontal, which is some evidence in 


ding, meeting i in its progress upwards the | corroboration ‘of the views here offered. 


Thermometrical Observations at Rose Bridge Colliery. 











Depth in 
yards, 


Temperature 


Temperature 
j in solid 


in open 
pit. 





161 
188 
550 
600 
630 
665 
673 
700 
736 
748 
762 
774 
782 


July, 1854 
August, 1854 
May, 1858 
July, 1858 
May 18, 1868. 
July 24, 1868 
April 19, 1869. 
Nov. 18, 1868 
Feb. 22, 1869 
Shal 
April 17, 1869 i 
May 3, 1869 
May 19, 1869 


Blue shale 
Warrant earth 
Blue shale 


Strong blue metal.... 
Strong blue metal 


801 
808 


Strong blue shale 


July 8, 1869.. 
Coal (Arley mine) 


July 16, 1869 




















CONSTRUCTION OF THE WOLF ROCK LIGHT-HOUSE.* 


From “ The Builder.”’ 


The Wolf Rock was stated to be com- 
— of a hard, dark, felspathic porphyry. 

ts highest part was 17 ft. above low water 
of spring tides, which had a rise of 19 ft. 
The surface was rugged, rendering a land- | 
ing upon it difficult. The depth of the 
water close to the rock was twenty fath- 
oms, excepting on the south-east side, 
where a shoal extended for a considerable 
distance. In the year 1860, the late Mr. 
Walker was instructed to furnish a design | 
for, and an approximate estimate of, the | 
cost of the work. These having been ap- 
proved, the author, who was then com- 





* From a paper read before the Institution of Civil Engi- 
neers, in London, by Mr, Jas, N. Douglass. 





pleting the Smalls Lighthouse, was ap- 
pointed te carry out the work as resident 
engineer. The form and dimensions of 
the tower differed but little from those of 
the Bishop, the Smalls, and the Hanois. 
Its exact height was 116 ft. 43 in., its di- 
ameter at the base was 41 ft. 8 in., and 
near the top, at the springing of the curve 
of the cavetto under the lantern gallery, 
the diameter was 17 ft. For a height of 
39 ft. 44 in. from the base the work was 
solid, with the exception of a space form- 
ing a tank for fresh water. At the level 
of the entrance door the walls were 7 ft. 9 

in. thick, whence they gradually decrease 

throughout the whole height of the shaft 
to 2 ft. 3 in. at the thinnest part near the 
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top. The shaft of the tower was a con- 
cave elliptic frustum, the generating curve 
of which had a major axis of 236 ft., and 
a minor axis of 40 ft. It contained 44,506 
cubic feet of granite, weighing about 3,2963 
tons, and its centre of gravity was 36 ft. 
2} in. above the base. In consideration 
of the exposed position of the work, it was 
determined to dovetail each face stone 
vertically and horizontally, in accordance 
with the system suggested by the author’s | 
father, and first adopted at the Hanois 
Lighthouse. This method consisted in 
having a raised dovetailed band, 3 in. in 
height, on the top bed and one end joint 
of each stone. A corresponding dove- 
tailed recess was cut in the bottom bed 
and end joint of the adjoining stones, 
with just sufficient clearance for the raised 
band to enter it freely in setting. From 
experiments made upon blocks of granite 
put together in this manner with Portland 
cement, it was found that the work was 
so homogeneous as to be as nearly as pos- 
sible equal in strength to solid granite. 
In addition to increased strength, this 
system of dovetailing afforded great pro- 
tection to both the horizontal and the 
vertical joints, against the wash of the sea 
when the work was first set. As an addi- 
tional precaution, each stone of the first 
twenty courses was also secured by two 
bolts to the course below. The masonry, 
to the level of high water spring tides, 
was set in fresh Medina Roman cement, 
part of which was supplied from the Gov- 
ernment Stores at Chatham, and part was 
manufactured by Messrs. Francis & Co., 
from whom the Portland cement was ob- 
tained for setting the work above high 
water. All the cement used in the work 
was mixed with an equal portion of clean, 
sharp, granitic sand, obtained from the 
stamps refuse of the Balleswidden Tin 
Mine, near Penzance. This sand was of 
excellent quality for such work, every 





grain in it being hard, angular, and rough. | 
Salt water was used for mixing all the | 
cement required for the landing platform 
and for the solid portion of the tower ; | 
above this, fresh water was used. The 
step ladders for ascending from floor to 
floor, and the partitions between the rooms | 
and staircase, were of cast-iron, and pre- 
caution had been taken to limit the use of | 
wood for the fittings as much as possible, | 


windows of the watch or service room, 
immediately under the lantern, were spe- 
cially arranged for admitting air to the 


| lantern and for regulating the ventilation 


in all ordinary weather. The supply of 


| air was admitted by a valve at the upper 


part of the window, so as to pass above 
the head of the light-keeper on duty, and 
upwards through an iron grating sur- 
rounding the lantern floor. 

The lantern was one of the cylindrical 


| helically-framed type, designed by the au- 


thor, and adopted by the Trinity House. 

The total cost of the undertaking, in- 
cluding the lantern, the illuminating ap- 
paratus, cost of work-yard at Penzance, 
vessels, and all incidental expenses, might 
be taken at £62,726. 





ESSEMER STEEL MAKING IN FRance.— 
The total production of Bessemer 
steel rails in France in the first six months 
of 1869 amounted to 19,755 tons, against 
10,562 tons in the corresponding period 
of 1867 ; it is probable that the French 
production of this description of rails will 
show a still further advance in the second 
half of 1869, as large orders have been 
given out during the last 2 or 3 months by 
the great French railway companies. 
Among the more recent orders of steel 
rails we may mention one for 2,000 tons, 
given by the Orleans Railway Company 
to the Creusot works at £11 7s. 2d. per 
ton, and another for 3,000 tons, given by 
the Western of France Railway Company 
to the Terrenoire works, at £11 10s. 3d. 
per ton. 





A’ the Liverpool Assizes on Saturday, 

a piano dealer and tuner of pianos, 
said to be earning £300 per annum, claim- 
ed damages for such injuries received in 
an excursion train on the London and 
North-Western Railway as incapacitated 
him for the pursuit of his calling. Mr. 
Justice Brett, in addressing the jury, said 
that if sufferers from railway accidents 
got annuities equal to their prospective 
earnings, it would be impossible for the 
companies to carry on their business. 
Both parties, he held, should share the 
consequences of an ordinary ene to 
accident, and bearing this fact in mind, as 
well as the fact that railway companies 
were compelled to carry passengers, the 


in case of fire: The doors, windows, and | jury should assess damages accordingly. 
storm shutters were of gun metal, The , The award of the jury was £600. 
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THE PURITY OF 


CROTON WATER. 


From ‘‘ The Chemical News.’* 


The water supplied to the citizens of 
New York, at the liberal rate of 65 gallons 
to each person daily, is collected by the 
various branches of the Croton river from 
an area of 338 square miles in Westches- 
ter, Putnam, and Dutchess counties. The 
character of this water-shed is a sufficient 
guarantee of the purity of the water. The 
surface of silicious gravel rests on hard 
Laurentian gneiss, and is open pasture or 
woodland, with few swamps. No factor- 
ies line the streams, which are liable to 
contaminate the water with refuse chemi- 
cals, and no towns or large villages exist 
anywhere in the district to pollute the 
waters with sewage. A recent survey of 
the water-shed has indicated fifteen points 
at which dams can be erected for the crea- 
tion of large storage reservoirs, whose 
joint capacity would be 67,000,000,000 
gallons, or a supply, at the present rate of 
consumption, for 1,000 days. One of these 
dams, 650 feet long, is now in process of 
construction at Boyd’s Corner, in Putnam 
county, 23 miles from the mouth of the 
aqueduct. When this dam is completed, it 
will flood an area of 303 acres, and the 
reservoir thus produced will contain 
3,369,206,857 gallons, or a supply for 50 
to 55 days of drouth. 

An analysis of the Croton water recently 
made in the editor’s laboratory gave the 
following results for one U. S. gallon of| | 
231 cubic inches : 

GRAINS, 


BEE einicndgenceoheaehs wokaneeeaden 0.326 
NS ci dinich nemaeic nee ane iahpeliihcidaagec 0.097 
RT as. ce tian aiminunaanaenrasoaed 0.988 
EE ee 0.524 
Chlorine 0.243 
Ne ME adencdiconsirccedwand 0.322 
Silica. . 0.621 


Carbonic acid potter aavetimie ae 2.604 
Water in bicarbonates (calculated). . .0.532 
Organic and volatile matter.... .... 0.670 

Te ae 6.027 
Less oxygen equivalent to chlorine. .0.054 


6.873 gre. 


These acids and bases are probably 
combined in the water as follows : 
GRAINS. 
Chloride of sodiam..............+-. 0.402 
Sulphate of potassa.........05 22-08. 0.179 
Sulphate of soda..........seseeeee- 0.260 





Sulphate of lime..... Rec eveedesoes 0.158 
Bicarbonate of lime ............... 2.670 
Bicarbonate of maguesia............ 1.913 
cena he tia acs kcaleesibedin eee 0.621 
Alumina and oxide of iron 


On evaporating a gallon of this water a 
residue of only 4.78 grains is obtained, the 
bicarbonates of lime and magnesia being 
left as simple carbonates. 

The following tabular statement shows 
how favorably the Croton compares with 
the waters supplied to other cities : 


PURITY OF CITY WATERS. 


Impurities contained in one wine gallon of 
231 cubic inches expressed in grains. 
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HE new field gun for India is to be a 

muzzle -loading 9-pounder bronze 
rifled gun, weighing 8 cwt., and Col. Max- 
well, Royal Artillery, who read a paper on 
the subject on the 14th ult., stated that 
the 9th Brigade is about to be armed 
with the new weapon. The gun will be 
fitted with Sir J. Whitworth’s elevating 
screw, and, with the carriage and the 
usual spare gear, etc., will weigh about 
32 cwt. 
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PRACTICE WITH THE TRANSIT. 


By W. G. 


The common series for sine and tangent 
are : 


, a 
sine X = X — et etc. 
= 


ese 
120 


2° 
a ee 
T 5 +- eto, 


3 
3 


tan. x=X% =} 

or, for small ares: 
sine xX = X — > nearly ; 

x? 
> 

Hence the differences, respectively, be- 
tween the sine and arc, and between the 
tangent and arc, are 4th of the cube of 
the arc and }d of the cube of the are, 
nearly. 

The higher terms of the series show 
that this applies more accurately to the 
sine than the tangent. The differences 
for 10 deg. are, respectively, .00088 and 
.00180. The differences for 20 deg., divided 
by 8, give .00088 and .00186. 

In one degree curves, in which radius = 
5730 feet, the formula 

) 


and tan. x = x+ 


no. deg. 


-0101 X ( 2 


MARCY. 


will express the difference between the 
}are and chord of 40 deg. within 0.1; 
no. deg. 


and 
01047 x ( 5 ) 


will give the difference between the arc 
and tangent for 36 deg. within the same 
limits of error. 
This is more accurate than ordinary 
|}ehaining. These differences for equal 
angles in other curves being inversely as 
the “degree of curve,” we may, in a ma- 
jority of cases, determine the commencing 
and terminating points of a curve (marked 
PC and PT in the diagrams), indepen- 
dent of the field-book, and often more 
expeditiously than by use of the regular 
| tables. 
| The difference between arc and sine 10 
| deg. being .00088, it follows that when 
| sine 10 deg. is one of two factors, and the 
| other not over 100, the product will be 
| true to 0.1 if we use the arc; and for 
| angles less than 5 deg. the product will 
| be true to the same limit when the other 
factor is not over 800. 








This consideration will so simplify as to 
make practicable several devices for ex- 
pediting operations where trees, creeks, 
or other similar obstacles obstruct the 
progress of the survey. 

As an example of this application of the 
formula, suppose an offset to be made from 
a tangent without making the isosceles 
triangle. (See Fig.) 


Having made the usual offset to C, it is! 


|impossible to make B, it being inacces- 

sible or surrounded by obstacles. Select 
C B’, so that 

ACXD 

~ CBT 
can be readily expressed. The deflection 
D--x determines B’, which can generally 
be made in time for the flag-pole at that 

| station. 

In passing small obstacles, D and x can 


x= 
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be made co small as to neglect the differ- | corresponding to the offsets of 1 deg., 2 
ence between A C B' and A B’; or D may | deg., 4 deg., ete., for every 100 feet. 

be a multiple of 1 deg., the difference for To lay out a curve when the first tan- 
every 100 feet being as the square of 4, | gent-point, P C, is inaccessible or sur- 
4, 7, etc., divided by 200—these numbers | rounded by obstacles : 


Setting the transit upon the tangent at | isosceles if convenient. If necessary more 
A, select C B, so that than one point may be determined from 
CBX D A, and, conversely, points of the tangent 

x= —43 may be determined from B. 
If the obstructions are too large, pro- 
can be easily expressed, the triangle being | duce the tangent to A’, making 4’ C= 


~ f 
AW, 
~~. 5; 


ie ~ Pm peere, 
GiffweweK ke a 
INN aw. 

/ ™* 


/ 


A' B'; D’ corresponding to the centre; Small objects may be passed on a curve, 
angle CO B’. Should B’ be inaccessible, | either by removing two equal tangents, 
proceed as originally from A. AC, OB, or a chord, A B’. 
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If obstacles occur at B’, not seen at A, | can readily be expressed in degrees and 
select B’ B”", so that minutes, JD is the deflection from A to 
BB’ XD B". 
*=—v RT 


2D (x+die 
— i 


™~o 


\ 
To lay out a compound curve without | can be readily found. JD is the deflection 
setting transit at P C: from A to B. 
The instrument being at A, make the If Cis inaccessible to the chain, meas- 
deflection to C; then select C B, so that | urements may be taken on the curve. 
This method applies also to reversed 
curves. 





‘ 


~2D. 





I 
' 
t 
| 
' 
x 
! 
! 
! 
t 
i 
t 
& 
f 
; 
t 
! 


7 


To offset from a curve whose origin is | the isosceles triangle A B A’. The angle 
C to a curve of same radius whose origin | D’ in the diagram is the deflection from 
is CO’: C' to A’. 

From (A) any point of the given curve| If B is not accessible, describe the isos- 
run A B& parallel and equal to CC’. If B| celes triangle A B’ A’. 
is accessible to the chain only, construct| It will be observed that the point A on 
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the first curve corresponds to B on the 


second. 


Nothing is limited in this problem but 


the length of the chord A’ B. 


/ 
P 
\f 
¥ 

The instrument remaining at PJ, we 
form an isosceles triangle ; the distance 
P Ito P' I' being one side, the other de- 
termines B on the tangent to P’l'. De- 
flection to B is twice the deflection to 
P' I’ in returning on the curve ; but one- 
half in advancing. PT is the vertex of 
the isosceles triangle in the former case ; 
P' I' in the latter. 

If not convenient, the triangle may be 
scalene. 

In these operations the angle and course 
is rigidly preserved. It is evident that in 
running trial lines, a wide departure from 
the limit (10 deg. & 100) would be both 
economical in time and satisfactory in 
results. 


\ 
‘ 
1 
\ 
‘ 
‘ 





closing line. The above value of y will 
be found to be convenient. 





To change PJ to P' J’, not setting up 
at P' J', when it is inaccessible to the in- 


mee or chain, or there are obstruc- 


tions to producing the tangent : 


To terminate a curve that shall pass its 
tangent near a distant point B’, B B' or 
C B' being estimated by the eye : 

Denote by n the number of stations to 
make the tangent C C’ parallel to A B, 
n equalling 2 D divided by the degree of 
curvature. 

Let y equal the numbér of extra stations 
to 0", C B' or B B' being expressed in 
chains of 100 feet. 

We have B C=n?X 7X deg. of curve, 
nearly, =x X BB Xi =—y X deg. of 
curve X BB’ X 4, nearly. Hence 

n2 
Y“2 BB 


Two approximations will often make a 


x 


t 
| 


Ls 
Rakai! 
& 


‘ 


ee 


It is required to make the point P with 


® maximum deflection, 2 D, to avoid P”, 
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passing with a given curve from the tan- 
gent ACB. PC is the chord of the 
curve, and C B= B P the tangents. If 
it is possible to make 2 D without a con- 
tinuous curve from P to C, we may run 
from P B, commencing at P, and come 
inside A C B, proving a greater deflection 
than 2 D possible with a continuous curve. 

Hence a continuous curve C P makes 
2D a maximum. 

Let P C=¢c, P B' =—d, PBorBC= 
p, and radius of the curve = R. 





We have p sine 2 D= R tan. D sine 
2D=d; hence 
sine D 


2R 


con, D Sine D cos. D=d; 


: d 
sine D = IR : 
C= 7 2dR, 
Bd 
Bey 
which determines R for any chord. 
C B' can be found from D and R. 


therefore 


and 





THE HUDSON RIVER 
From “ The 


One of the most important engineering 
enterprises projected in the vicinity of 
New York is the proposed suspension 
bridge over the Hudson River, the con- 
struction of which was authorized by the 
recent act of the Legislature incorporating 
the Hudson and Highland Suspension 
Bridge Company. This structure will ex- 
tend across the Hudson River from Fort 
Clinton, on the west side, to Anthony’s 
Nose, on the east, with one clear span of 
1,600 feet, at an elevation of 155 feet 
above high-water mark. The plans of the 
company’s engineers are not yet fully ma- 
tured, but enough of the principal features 
of the work are already known to give a 
very clear idea of the extent and character 
of the proposed work. The total length 
of the bridge, including approaches, will 
be about 2,500 feet. The entire structure 
will be composed of steel combination 
truss and cable work, of great strength 
and graceful appearance. There will be 
four systems of twenty cables deeply rooted 
in the rock and abutments of the towers 
on either side of the river. Each cable 
willbe about 14 in. in diameter, interlaced 
and secured by innumerable smaller 
cables, and will contain altogether 371,- 
165,750 ft., or 70,302 miles of steel wire. 
The estimated weight of the iron and 
steel in the bridge will be about 17,000 
tons, and the total suspended weight 
9,651 tons. For the towers and ap- 
proaches, 59,084 sq. yds. of solid masonry 
will be required. It is believed that the 
bridge, when completed, will be able to 
sustain the aggregate weight of sixty lo- 
comotives, or more than six times the 





weight that can ever be crowded upon it 


SUSPENSION BRIDGE. 
Iron Age.”’ 


at one time. The estimated cost of the 
work has not yet been announced, but if 
the plan adopted by the engineers is fully 
carried out by the company, it will be one 
of the most remarkable and costly struc- 
turés of the kind in the country. 

As a new link in the chain of railroad 
communication between the West and the 
seaboard, the importance of this work is 
at once apparent. It is said that negotia- 
tions are now progressing towards the 
consolidation of several important roads 
in this enterprise, among which are the 
Hudson River, the Boston, Hartford and 
Erie, the New York, Oswego and Midland, 
the Delaware and Lackawanna, the Har- 
lem, the Danbury and Norwalk, the New 
York and New Haven, Hartford, Spring- 
field, Connecticut Valley and others, with 
their branches and tributaries. Among 
other benefits, it will reduce the cost of 
transportation on millions of tons of coal 
annually, from the Pennsylvania coal 
fields to all points east of the Hudson 
River, and on other freights will be saved 
the expense of transportation over the 
ferries at this point, which, including the 
cost of handling and transhipment, is 
about as great as the cost of moving it by 
rail from Philadelphia to Jersey City, or 
from this city to New Haven. ‘The com- 
pletion of this structure will concentrate 
the converging lines of railroad at a con- 
venient point on the upper part of th 
island suitable for the location of a gen- 
eral freight depot, and will enable the 
principal roads of the Eastern States to 
make through connections with the West, 
without depending on the ferries, which 
are both inconvenient and costly. Steps 
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should be taken at once to supplement 
this important movement by the con- 
struction of a system of tunnel railroads 
through the city, for the distribution, at 
convenient points along our river fronts, 
of the freight and merchandise brought 
here for transhipment. This isan impor- 
tant and needed improvement, and its 
completion would contribute largely to 
the commercial prosperity of New York. 
It is announced that work on the bridge 
will be begun during the coming summer 


months, and that every effort will be made 
to insure its completion before the close 
of another year. This gives the question 
of tunnel railroads a present importance, 
and it is to be hoped that, before many 
months, our enterprising and public- 
spirited capitalists will have undertaken 
the work of providing better and cheaper 
facilities for the distribution of freight 
and merchandise throughout the city 
than are now enjoyed by the business 





community. 





PERKINS’S COMPOUND MARINE ENGINE. 


From the columns of late English pa- 
pers we extract the following account of 
a trial trip of the Filga, a screw tug fitted 
with compound engines. “The Engineer” 
Bays : 

“Two generations have all but passed 
away since Jacob Perkins preached the 
gospel of high-pressure steam—high-pres- 
sure above and beyond any high-pressure 
with which modern engineers have to do. 
We think it something to boast of, that 


the engines of the North London Railway 
use steam of 160 lbs. pressure ; but Jacob 
Perkins proposed to use steam of 1,000 
lbs., and actually did use it under certain 
circumstances. The great body of mechan- 
ical engineers labor under the impression 
that Jacob Perkins’s ideas died with him. 


No notion could be more erroneous. His 
ideas live with his grandson, and we saw 
them in practical application on Wednes- 
day last, on board the steam-tug Filga, 
the property of Mr.Henwood. On board 
this boat, we confess that we stood for the 
first time over a marine boiler carrying 
200 Ibs. of steam. Time and space alike 
forbid us to enter into details. It must 
suffice to say that the boiler consists of a 
great number of wrought-iron tubes, 
about 3 in. diameter outside, and varying 
in length from 12 ft. to 10 ft., within 
which the water is contained and round 
which the heat plays. The engines of the 
Filga are illustrated, as far as general ar- 
rangement is concerned, in the annexed 
engraving. They consist of four cylinders, 
arranged steam-hammer fashion. The 
two upper cylinders are high-pressure 15 
in. in diameter. The low-pressure cylin- 
ders are immediately beneath them. The 

are 32 in. diameter, the stroke of bot 


being only 1 ft. The valves are all of 
the double-beat Cornish type, raised from 
their seats by spindles driven by eccen- 
trics, but dropped by the pressure of the 
steam acting on the plus area of one valve. 
The surface condensers are of a peculiar 
construction, of which we shall have more 
to say. The circulating water is driven 
through it by a pump worked by an eccen- 
tric on the screw shaft. 

“The Filga is of the ordinary Thames 





| screw-tug type, and it is doubtful if engines 
| of any other form of 80-horse power nomi- 
‘nal could have been got into her. She 
|is 70 ft. long, 14 ft. beam, and draws 10 ft. 
She has a three-bladed common propeller 
9 ft. 6 in. diameter, and 12 ft. 6 in. pitch. 
The boiler has not less than 2,200 square 
feet of heating surface, the grate surface 
being but 30 ft. The estimated consump- 
tion is a little under 2 lbs. of coal per 
horse per hour, but the actual consump- 
tion appears to be much less. On this 
point we shall have something more to 
say. 

v The engine illustrated in the annexed 
engraving is almost precisely the same as 
that of the Filga, the only difference being 
that the cold water circulating pump is 
arranged vertically outside the engine 
frame instead of horizontally, as shown at 
the left of the cut. 

“The Filga left Blackwall on Wednes- 
day for a run down the river. The trip 
was in no sense a trial trip. It was simply 
intended to prove to a select body of en- 
gineers that it was possible to work 180 
lbs. steam at sea; and so far it was com- 
pletely successful. Steam was easily 
maintained throughout the trip at 150 Ibs. 





to 190 lbs. How such pressures are dealt 
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with we must explain at another time. | to secure a good result ; but there is no 
No trace of steam was to be seen about; doubt that the result was very gocd in- 


engine or boiler, because the joints are 
absolutely steam-tight. 

“The tide was strong against the little 
vessel on her run down, yet, on the meas- 
ured mile in the Lower Hope, she attained 
a speed of 8.33 knots, with nearly 1} knots 
of tide against her. This was not a trial 


deed, considering the size of the boat. 
The general particulars of the run may be 
thus summed up : The Filga left Black- 
wall at 12.30, passed North Woolwich 
Railway pier at 12.55, and Erith at 1.47 
p.m. Gravesend was reached at 2.48, 
Thames Haven at 3.38, and the run back 


run, and no special precautions were taken | was made at such a pace that Blackwall 


was reached at 6.40. Throughout, the 
working of the engines was most satisfac- 
tory. They are of enormous strength, 
and deserve, from their peculiarities, a 
separate article to themselves ; and the 
same may be said of the boilers. We 
shall return, in an early impression, to 
the consideration of the work now being 
done by Messrs. Perkins.” 


Vou. IT.—No. 6.—40 


“ 
WIM: 
TOORAESTMS Teg 


The account given by “ Engineering” of 


the same engines and their performance 
is as follows: 

“On Wednesday last a very successful 
run was made with the screw steam tug 
Filga, which has just been fitted with one 
of Messrs. A. M. Perkins and Sons’ marine 
engines, with safety boiler and surface 
condenser. These engines are on the 
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compound principle, steam-jacketed, and 
are of a peculiar yet simple construction, 
and occupy an exceedingly small space in 
proportion to the power they develop. 
The engines of the Filga are fitted with 
overhead single-acting cylinders, two 
being 32 in. in diameter, over each of 
which is another cylinder of 15 in. diam- 
eter. In these cylinders work double 
pistons having a 12-in. stroke, the same 
rod carrying both pistons. The steam is 
admitted over the upper and smaller pis- 
ton, which performs the down-stroke, the 
steam passing thence to the underside of 
the lower piston, which makes the up- 
stroke. Surface condensers of special 
construction are used, by which means all 
the steam from the engine is condensed 
at atmospheric pressure, and the water 
returned to the boiler at a temperature of 
212 deg., which practically means a gain 
of about 4 in the fuel. Besides this, there 
are several other advantages attending 
this circulation of the water and its re 

use in a distilled form. It is valuable in 
preventing deposits in the boiler, so that 
a fruitful source of explosion is absent, 
and a further economy of fuel is attained. 
The use of pure water also effects a saving 
in the wear and tear of pistons and valves, 
whilst it is found that the quantity of 
water required for Messrs. Perkins’s con- 
densers is less than that required for an 
ordinary high-pressure engine. These 
engines use steam at a pressure of 240 Ibs. 
on the square inch, although we under- 
stand that pressures greatly in excess of 
this are used in the land engines at Messrs. 
Perkins’s works in Seaford street, Regent 
square. The boilers consist of a number 
of wrought-iron tubes, $ in. thick, and 3 
in. in diameter. These are disposed in 
horizontal layers, and are connected by 
small vertical tubes, the flame passing be- 
tween all the tubes. The boiler of the 
Filga is composed of thirty sections of 
eight rows, seven of which are above, and 
one below, the furnace bars. The tubes 
are proved at a pressure of 2,500 lbs. per 
square inch before use, and their construc- 
tion being that of the separating principle, 
there is no danger to be apprehended 
from explosion. The safety-valve is loaded 
to 400 lbs. per square inch, the bursting 
pressure being about 20,000 lbs. per square 
inch. As already observed, these boilers 
depend greatly for their efficiency upon 


the purity of the water with which they, 





are fed. The engines are therefore fitted 
with condensers, and the boilers with an 
automatic still for that purpose. This 
still is worked by means of a small pipe 
coiled in the still ; when once the boiler 
has been filled, the still is only required 
to supply the waste. 

“These engines, as a rule, are stated to 
consume under 1} lb. of coal per horse 
power ; the returns of the consumption of 
coal on board the Filga are not to hand 
as we write, and we therefore defer a 
complete notice of the results of working 
until next week. The engines of the Filga 
are of 80-horse power, but will indicate 
240-horse power. On the occasion of her 
recent trial trip, steam was kept at 180 lbs. 
pressure at the boiler, and 72 revolutions 
per minute of the screw shaft were steadily 
maintained almost from the time of start- 
ing to the time of return. Once or twice 
the revolutions reached 76, and once or 
twice they fell to 70, but the result of a 
number of intermittent observations gave 
72 revolutions as the general rule. A fair 
average speed of 8.3 knots per hour was 
attained running down against tide. The 
Filga left Blackwall at 12.30, passed the 
Great Eastern Railway pier at North 
Woolwich at 12.55, reached the Crossness 
pumping station at 120, Erith pier at 
1.45, Tilbury Fort at 2.46, and Thames 
Haven at 3.38, making a total run of 3 
hours and 8 minutes. The vessel’s head 
was then put round, and a rapid run was 
made up the river to the starting-point. 
The engines worked most satisfactorily, 
the general result being that they indi- 
cated nearly the same as double-acting 
engines with 41 in. cylinders and 36 in. 
stroke.” 





T was announced from Marseilles on the 
13th ult. that the Europe steamer, 
3,500 tons, 400-horse power, had arrived 
there from Bombay on the 12th ult., with 
37 passengers. She left Marseilles on the 
1st of January, and has, therefore, accom- 
plished the two passages, via the Suez 
Canal, including discharging and relvad- 
ing, in 70 days. 





A®’ improved form of electro-magnetic 
engine is announced in this city. We 
prefer not to endorse, just now, the bril- 
liant promises of the inventor and own- 
ers. 
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THE USE OF 


LEAD PAINT: 


From ‘‘The Building News.” 


The methods of manufacturing and pre- 
paring white lead for the painter’s use 
are many and various, and would occupy 
a volume in description, and which would 
answer no purpose to enter into at length 
here, seeing that every information on the 
subject may be gained by consulting Mus- 
pratt’s “Chemistry Applied to the Arts 
and Manufactures ;’ we shall therefore 
only now notice such facts as are useful 
to the house painter and decorator to 
know. 

The white lead is, of course, a carbonate 
or oxide of lead—according to the method 
of its preparation. It is produced from 
sheet lead by two standard processes. 
One, the Dutch method, in which the re- 
actions are effected by operating on 
metallic lead with acetic acid, and decom- 
posing carbonaceous matters at a compar- 
atively elevated temperature, and without 
any other moisture but steam ; and the 
other, wherein the carbonate is thrown 
down from a solution of bassic acetate of 
by transmitting carbonic acid 
it. Large rectangular spaces 


lead, 
through 
are formed, enclosed by stout walls of 
brickwork or masonry, within which pots 
of acid containing coils of sheet lead are 


tually discarded, except for small quanti- 
ties sold as dry white lead. The practice 
now is to compound it at once with the 
linseed oil. This is effected by an appar- 
atus called a kneader, somewhat similar 
to that used in large bread-baking estab- 
lishments. This is a cylinder in which a 
square iron bar, furnished with arms, is 
fixed longitudinally, and is turned by 
steam-power. All the materials—white 
lead and oil—to the extent of eight 
per cent. of the lead compound, are 
introduced by the doors, which are firmly 
closed. When the two are mixed the 
paste is withdrawn and ground to make 
it more homogeneous. The purest white 
leads are alone fitted for the painter’s use 
in interior decoration. Thece are several 
of these in the market under the names 
of London white, Nottingham white, flake 
white, and the Belgian white—called 
Kreuzer white, and numerous others 
not necessary to our purpose to name, 
these being all white leads, but differently 
prepared. Pure white lead, when properly 
| prepared, is the most valuable white we 
| have for mixing with oil and making of 
| paints ; it is a pure white which will keep 
| its color under all ordinary circumstances, 





piled in stacks. These stacks are built | and will mix with most colors without in- 
up of layers of dung, acid pots, lead and | juring them or being injured by them, 
boards, alternately. Eight layers of pots | and is capable of producing thousands of 
usually constitute the stack. Spaces are | tints by admixture with other pigments ; 
left at one end in every other layer, in| there is no other white with equal body 
order to create a thorough draught. |when ground in oil, or that will cover as 
Every stack contains about twelve tons of | well ; many substitutes have been tried, 
metal. A period, varying from five to six | but none have as yet stood the test of 
weeks, is allowed to convert the sheet lead | practical use as compared with white lead. 
into carbonate. The English method is | Its purity is not injured, or very little, by 
a similar process to the above, but, instead | light, oxygen, or pure air, but is so, more 
of dung, spent tanner’s bark is used, | or less, by sulphuretted hydrogen, damp 
which, although slower in its operation, | and impure air. In using it as a white 
has the advantage of not darkening the | paint, it is most durable, keeps its color 
lead by sulphate of hydrogen, which the | best, and is least liable to crack or peel if 
dung evolves. With tan, nine or ten | it is used with pure linseed oil alone, well 
weeks are required to carbonate the lead; | mixed and passed through a fine straining 
by the latter method the particles of lead | sieve before it is used ; it is well also to 
are more minutely divided and finer; | add a little black or blue to it in mixing, 
consequently, in use it covers better. It | which will help to purify the white and 
used to be the practice to grind the lead | resist the coloring effect of the oil. 

into an impalpable powder, and make 4 In finishing white it is usual to add 
up into cakes for the market; but the pro- | about one-third turpentine, as it assists 
cess was so destructive to the lives of the | its working in painting, but when it is 
workmen concerned that it has been vir- | used as flatting, «e., dead color without 
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gloss, we find in practice that the less oil 
is contained in the lead the more success- 
ful the flatting. We therefore beat the 
lead up in turpentine alone to a proper 
consistency ; it is then left to stand for 
10 or 12 hours, when the oil previously 
contained in the lead will rise to the sur- 
face and may be skimmed off; if the 
color is then too thick for working with, 
more pure turpentine may be added. We 
thus obtain the purest whites, and, by 
mixing, the most delicate tints of color it 
is possible to get from white lead in oil. 
We have hitherto been speaking of pure 
white lead alone, which may be known by 
the purity of its whiteness, its great den- 
sity, solidity, and absence of spongy or 
granular appearance. Age improves its 
quality. It is supposed that in time a 
portion of the water it contains evapor- 
ates, and it thus solidifies. When white 
lead has been packed in cask for a long 
time, when opened the lead will be found 
to have sunk or diminished in bulk con- 
siderably, or solidified. New lead is dis- 


tinguished by a softness and oily appear- 
ance, and consequent want of solidity; 
but if the lead is really good, the differ- 


ence between old and new is not of very 
great importance for the generality of 
work. Unfortunately, white lead is sub- 
ject to great adulteration, and this is in- 
variably done in the manufactory. Ac- 
cording to Muspratt, all the white lead 
which is manufactured into paint is more 
or less adulterated. Again, he says that 
some of our English white leads are pure, 
also the Kreuzer white, but the compounds 
sold under the names of Venetian white, 
Hamburg white, Dutch white, etc., are 
all adulterated to a very great extent. 

The principal ingredient used for adul- 
teration is sulphate of baryta, but whiting 
and other earths are used for that pur- 
pose, whereby its valuable properties are 
deteriorated and the public swindled. 

Of three samples of white lead sent to 
M. Louret for analysis, the results were 
as follows: 1 grm. of No. 1 contained 
0.695 of white lead, and 0.305 of sulphate 
of baryta; 1 grm. of No. 2 contained 0.340 
of white lead, and 0.660 of sulphate of 
baryta ; and 1 grm. of No.3 contained 
0.282 of white lead, and 0.718 of sulphate 
of baryta ; yet hundreds of tons of these 
mixtures are sold annually as white lead 
at three or four shillings a ewt. less than 

he pure article. The adulteration may 





be detected by simply contrasting the 
pure white lead with such as is suspected 
to be adulterated. It is said that it may 
be detected by digesting the sample in 
dilute nitric acid, which dissolves the 
lead, but leaves the sulphate of baryta ; 
however, it will be found that sulphate of 
bartya and whiting, when ground in oil, 
become discolored, in consequence of 
their want of body, and greater power of 
absorbing oil. Glaziers’ putty is an ex- 
ample of this. When pure it is made of 
good whiting and linseed oil alone; the oil 
turns the whiting into a yellow stone color. 
It follows, as a matter of course, that 
if whiting or sulphate of baryta is 
mixed with white lead, the whiteness of 
the lead is impaired, its body weakened, 
and it will not cover as well. We have 
found in practice that two coats of pure 
white lead when mixed as paint will cover 
better or make a more solid ground than 
three coats of the slightly adulterated, or 
than four coats of the common or worst 
lead. Therefore it may be accepted as a 
fact proved by years of experience, that 
in its general usefulness, its powers of 
preserving and giving protection to wood 
or other materials, in producing good 
work, and, in an economical point of view, 
pure white lead, although the dearest in 
the market, is in all essentials the cheap- 
est in practical use. 

Flake white is another preparation of 
white lead in the form of scales or flakes, 
hence its name, and is an oxidized carbo- 
nate of lead, somewhat purer in color than 
the ordinary white lead, and is usually 
ground in poppy oil, and is principally 
sold by the artists’ colormen, but is of 
great service to the decorative artist when 
a pure white is required ; also in the finish- 
ing of imitation marbles in enamel work, 
i. e., polished paint. It may also be used 
with advantage in varnish, being exceed- 
ingly fine in texture, and free from grit. 
Zine white is also a useful white, and may 
be used either in oil or water. It isa 
pure oxide of zinc, and has one or two 
advantages over white lead, inasmuch as 
it is permanent under all circumstances, 
and comparatively innoxious both in its 
manufacture and use ; in itself it is a bad 
dryer, but salts of zine is mixed with it, 
which causes it to harden. There are 
four kinds—snow white, zine white, stone 
grey, and grey oxide. The first two are 
of an unalterable white color; oxide of 
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zinc is also used in paper staining. Not- | dirty habits, who does not adopt these 
withstanding all its good qualities, zinc | necessary precautions, carries about with 
white is not a favorite pigment with the | him continually the fumes of lead ; and 
house painter, principally on account of | when he sits by the fire at home at night, 
its want of body. In practice this is found | after his day’s work is done, the heat will 
a great preventive to its general use ; it | cause a vapor to exude from his garments, 
takes four coats of zinc white to produce | carrying with it minute particles of lead, 
as good a body as three coats of pure| which he and others in his immediate 
white lead will do, thus adding the extra | vicinity inhale to his and their detriment. 
cost of labor and material for one coat| When he is eating, the paint from his 
over and above the cost of white lead | hands is transferred to his food, conse- 
paint. It has, however, many admirable | quently he swallows particles of white lead, 
qualities, and may be used for special pur- thus producing disease and all its attend- 
poses with advantage; it is rather superior | ant train of evils. This is not a fancy 
in whiteness to white lead, and is good as | picture, but is a stern fact of every-day 
a finishing white, or with delicate tints on | occurrence, and one which we have seen 
a ground work of white lead, and may be | in numberless instances, and we fully be- 
used in varnishing enamel colors. lieve that it is this gross carelessness alone 

If the chemistry of the future can dis- | that brings to our hospitals three-fourths 
cover a method of manufacturing it with | of the cases of lead poisoning. There can 


an equal body to white lead, we may safe- 
ly predict that it will supersede that pig- 
ment. 

The deleterious effects of white lead 
upon the health of the workman is a well- 
known fact. The operative painter is pe- 
culiarly subject to its poisonous properties 
—its effects are seen in the pallid face, 
care-worn and wrinkled appearance, the 
attenuated frame, bad breath, and obstruc- | 





be no doubt but that much of this evil 
may be avoided by attending to the before- 
mentioned simple precautions. It is a 
melancholy fact, that rather than take this 
small amount of trouble, many will suffer 
the excruciating pains attendant upon lead 
poisoning, and fly to gin or other spiritu- 
ous liquors for temporary relief, thus ad- 
ding to, instead of diminishing the evil ; 
fat bacon and other fatty meats are con- 


tion of the bowels, commonly called paint- | sidered good as a preventive, as they 
er’s colic ; in many cases, paralysis follows | help to clear the lead out of the system; 
after colic ; we have seen the hands and | purgative oils occasionally are useful, but 


arms drawn up and distorted and utterly | 
useless. Lead has been found in many | 
cases to have impregnated the whole sys- 
tem. Itis scarcely possible for the painter 

in using white lead paints to escape its ef- 
fects altogether, however careful and | 
cleanly he may be in his habits, although | 
we have known some who have lived to a 

good old age without having a day’s ill-, 
ness which might be traced to that cause, | 
but we are quite satisfied that much of the | 
ill consequences may be traced to the | 
workman’s own want of care and cleanli- | 
ness. We would strongly insist upon his | 
washing his hands in every case before he 
touches his food, and clean the paint from 

under and about his nails. A good prac- | 
tice, which we are glad to see spreading, | 
is to wear linen overalls, cap, jacket and 

trousers. He should always cast them off | 
before he leaves his work, and not wear | 
them constantly, as some do; he will thus | 
get rid of all trace and smell of paint from 

his person until work time next morning. 

On the contrary, the man of careless or | 


we believe in the good old adage that pre- 
vention is always better than cure. 





I all there are 27 tramway companies 
asking for powers over 515 miles of 
road, with a capital of £4,000,000. For 
London alone there are 7 companies seek- 
ing powers over.125 miles in some of the 
most important streets ; while others have 
in contemplation systems of tramways 
for Manchester, Liverpool, Birmingham, 
Leeds, Glasgow, Portsmouth, and Ply- 
mouth. 





ie caisson for the east pier of the 
East River bridge is soon to be low- 
ered, to place in 18 ft. of water (mean 


high tide). Its air-holding qualities have 
been recently tested and found to be 
quite satisfactory. 





HE conflicting accounts in English and 
French journals, leave us in doubt 
about the mer.t of Boutet’s bridge system. 
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SUBMARINE 


In some recent letters from Capt. J. 
Ericsson to the editor of “ Engineering,” 
the writer offers the following solution to 
the problem “How to defeat monitors 
superior in thickness of armor to our 
own.” 

A heavy body of regular form, what- 
ever be its specific gravity, projected 
laterally through the air, commences to 


fall from the instant of leaving the muzzle | 


of the gun; describing during its pro- 
gress a parabolic curve considerably fore- 
shortened, owing to atmospheric resist- 
ance. But a body of regular form pro- 
jected under the surface of water or other 
fluid, ina horizontal or inclined direction, 
will move in a straight line, provided its 
specific gravity be equal with that of the 
fluid. In other words, a heavy body of 
any density whatever moving through the 
atmosphere, is inexorably under the in- 
fluence of the gravitating force of the 
earth; while a submerged body, the 
weight of which is equal with its displace- 
ment, is not affected by gravitation. If 
put in motion under the surface of a 
quiescent fluid of unlimited extent, such a 
body will continue to move in a straight 
line until the motive energy which propels 
it becomes less than the resisting force of 
the surrounding medium. 

Starting with these cardinal proposi- 
tions, I entered, some 25 years ago, on 
the task of solving the problem of sub- 
marine attack, viz., the propelling or pro- 
jecting below the surface of the water of 
an elongated shell containing explosive 
substances to be ignited, when reaching 
some point under the bottom or bilge of 
an opponent’s vessel. The most obvious 
method of carrying out the idea is that of 
projecting the elongated shell by means of 
some contrivance applied near the bottom 
of the aggressive vessel. Such a method 
I proposed to the Emperor of France in 
the month of September, 1854. The de- 
vice consists of a long narrow chamber 
arranged near the bottom of the vessel, 
communicating with the sea and provided 
with a sliding valve at each end. The 
outer valve next the sea being closed, the 
shell is inserted in the chamber, after 
which the inner valve is closed and the 
outer valve opened. The means adopted 
for projecting or pushing out the shell is 
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simply a rod connected with a steam pis- 
ton. The forward end of the shell being 
provided with a suitable percussion lock 
fitted with a protruding trigger, it will be 
readily understood that when this strikes 
against an object, the lock, as in ordinary 
fire-arms, will cause the ignition of the 
charge within the shell. At close quarters 
such a method of attack will unquestion- 
ably be found very effective—indeed, in- 
fallible ; but unless the opponent’s vessel 
can be approached very near, it will prove 
abortive. Evidently, if the shell be pro- 
jected in any direction not parallel with 
the line of keel while the aggressive vessel 
is in motion, a side resistance will be of- 
fered by the stationary water of the sea, 
which will divert the course of the missile 
the instant it is deprived of the guiding 
power of the chamber from which it is 
ejected. Currents will, from the same 
cause, change the intended course. It 
need scarcely be observed that, in addi- 


[tion to the difficulty of controlling the 


direction of the shell, the force imparted 
to the latter, whether steam or compressed 
air be employed, is insufficient to propel 
it to any considerable distance. In order 
to meet these serious practical objections, 
viz., that the shell cannot be propelled 
far enough, and that its course cannot be 
controlled, I have resorted to a device by 
which any desirable amount of propulsive 
force may be imparted irrespective of the 
distance traversed, and by which the 
course of the missile is under perfect con- 
trol during its progress to the intended 
point. Persons of a mechanical turn of 
mind, in almost every country, have for a 
long time been engaged in contriving tor- 
pedoes to be propelled under water by in- 
dependent motive power of various kinds, 
for the purpose of blowing up vessels. 
The Austrian torpedo, urged through the 
water by means of screw propellers actu- 
ated by compressed air, may be classed as 
one of this numerous tribe, the reported 
terrible nature of which has from time to 
time frightened naval constructors, and 
amazed some unmechanical sailors who 
have witnessed the trials, and found that 
the mysterious body actually can move 
under water. Proper investigation of the 
subject, however, exposes imperfections of 
the Austrian torpedo which render it, 
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like all its predecessors, a mere mechani- 
cal toy. It should be borne in mind that 
atmospheric air compressed, so as to exert 
a pressure of only 300 lbs. to the sq. in., 
weighs nearly 2 lbs. to the cubic ft. Con- 
sequently, the amount of motive force 
which the torpedo is capable of containing 
will be found wholly insufficient for its 
effective propulsion ; while the want of 
means for directing it to the desired point 
presents an insuperable objection. As 
before stated, I have contrived a torpedo 
that may be propelled with any requisite 
amount of force, irrespective of distance, 
the course of which is under perfect con- 
trol, notwithstanding currents, and which 
may be directed with perfect certainty to 
an object in motion. In contradistinction 
to the term shell, applied to the structure 
of 1854, which was propelled alone by 
vis viva imparted, as before described, I 
propose to apply the term torpedo to the 
contrivance now to be considered. 

It should be observed that nearly all 
attempts to propel bodies under water 
have been successful as regards maintain- 
ing a given depth. The self-evident de- 
vice of applying a fin or horizontal rudder 
on each side, operated by a piston or elas- 


tic bag actuated by hydrostatic pressure, 


has been adopted in all. It readily sug- 
gests itself to the mind that an increase 
or diminution of draught, attended as it 
is with a corresponding variation of pres- 
sure, may be made subservient in chang- 
ing the inclination, thereby establishing a 
tendency of the horizontal rudder, either 
to elevate or depress the torpedo during 
its forward motion. Thus, by a proper 
adjustment and application of the hydro- 
static pressure, the torpedo may be made 
to move at any desirable depth below the 
surface of the sea. Nor has any difficulty 
been experienced as regards the instru- 
ment of propulsion in the experiments 
made since the introduction of the screw 
propeller. But the difficulty of procuring 
the requisite amount of motive force for 
actuating the propeller, and the absence 
of means for directing the torpedo, have 
in each instance defeated the object in 
view. 

Before proceeding to consider the im- 
portant question of guiding the torpedo, I 
will now briefly describe my method of 
obtaining the required power for actua- 
ting the propellers. A reel, of about 6 ft. 
diameter, revolving on a horizontal axle, is 


| 





applied near the chamber from which the 
torpedo is ejected, one end of the axle be- 
ing supported by a suitable bearing, while 
the other enters a capacious air vessel 
through a stuffing box. The end thus in- 
serted in the air vessel is perforated longi- 
tudinally for a short distance, and pro- 
vided with an opening in the side at the 
point where the perforation terminates. 
A tubular rope, } in. in diameter, com- 
posed of hemp and vulcanized rubber, is 
connected with this opening, and then 
coiled around the reel a certain number 
of times, and lastly, connected with the 
rear end of the torpedo. The air vessel 
into which the perforated axle of the reel 
enters, being charged with compressed air 
(by means of force pumps worked by 
steam power), it will be readily under- 
stood that the compressed air will pass 
through the axle, then through the several 
coils of tubular rope wound round the reel, 
and ultimately reach the rear end of the 
torpedo, where the rope is attached to 
the rotary engine which actuates the pro- 
pellers. Accordingly the propulsion of 
the torpedo may be regulated by simply 
opening or closing the aperture of the 
perforated shaft within the air vessel. 
The rotation of the reel, consequent on 
the onward movement of the torpedo, ob- 
viously cannot interrupt the passage of 
the compressed air through the coils of 
the tubular rope ; hence the supply of 
motive force will continue undiminished 
during the onward movement. The tubu- 
lar rope being } in. diameter in the bore, 
it will be found by calculation, that a 
quantity of compressed air, sufficient to 
develop at least 10-horse power, may be 
transmitted through it during the pro- 
gress of the torpedo, whether far off or 
near the aggressive vessel. The arrange- 
ment thus deseribed being sufficienly 
simple to be comprehended without enter- 
ing into detail, it will only be necessary to 
state that the tubular rope, after leaving 
the reel under the deck, is made to de- 
secend through a vertical tube into the tor- 
pedo chamber, in order to prevent an en- 
trance of water at the point where the 
rope passes out. Also, that two propel- 
lers are employed, revolving in opposite 
directions round a common centre—in- 
dispensable to prevent the torpedo itself 
from rotating when subjected to the power- 
ful torsion produced by a single propeller 
actuated by the motive force which may 
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be transmitted through a tubular rope of 
4 in. bore. 

I will now proceed to describe my 
method of guiding the torpedo, premi- 
sing that the external casing which con- 
tains the mechanism and explosive com- 
pound, is heavier at the bottom than at 
the top, in order to preserve a vertical 
position; and that, in addition to the fins 
for regulating the draught, the torpedo 
is provided with a vertical balance-rudder 
for directing the lateral course. The reel 
being 20 ft. in circumference, it will be 
seen that the tubular rope need only be 
coiled round it 75 times to admit of attack 
at a distance of 1,500 ft., probably far 
enough, since the position of the aggres- 
sive vessel may be changed at all times 
with desirable rapidity. 

The apparently absurd proposition to 
direct and change the course of the tor- 
pedo at will, on board of the aggressive 
vessel, without external aid, is solved by 
the following simple expedient. A small 
elastic bag connecting the tubular rope 
with the induction pipe of the rotary en- 
gine, is attached to the side of the tiller of 
the torpedo’s balance rudder. As the 


compressed air during its passage to the 
motor must pass through the elastic bag, 
the latter will expand and contract with 


every change of internal pressure. And 
as such change will depend on the quan- 
tity of compressed air admitted into the 
tubular rope, the expansion and contrac- 
tion of the bag is evidently under perfect 
control. Now the power of this bag to 
resist internal pressure may be so pro- 
portioned that, when maximum pressure 
is admitted, the swelling of the bag will 
cause the tiller to move 20 deg. to port ; 
and when the pressure is reduced 25 per 
cent., the accompanying contraction will 
move the tiller 20 deg. to starboard. 
Thus by admitting more or less com- 
pressed air into the tubular rope, there- 
by changing the dimensions of the bag, 
the tiller will assume any desirable angle 
within 20 deg. on either side of the tor- 
pedo’s centre line. 

Accordingly, the direction of the tor- 
pedo will be as completely under the con- 
trol of the hand which admits the com- 
pressed air to the tubular rope, as if an 


intelligent directing power resided within | 


the torpedo itself. Probably, no greater 
mechanical feat than this can be instan- 
ced. 





| 


| 


| 


enable the operator to trace the course of 
the torpedo by the copious formation of 
air bubbles on the surface of the sea. At 
other times, a small float attached by a 
string, will clearly indicate the position; 
while at night, a small light in the float, 
seen only from the aggressive vessel, will 
inform the operator if the missile is on 
the right road to the intended point. It 
need scarcely be observed that the explo- 
sion of the torpedo will sever the con- 
nection with the tubular rope, which thus 
may be hauled in by turning the reel. 
Should the intended object not be reached, 
the admission of compressed air to the 
tubular rope will be shut off, and the tor- 
pedo hauled in, or sent out on a new er- 
rand. 

The scope of the device, thus described, 
is, of course limited ; yet, had the Italians 
possessed it, the result at Lissa would un- 
questionably have been reversed. No 
harbor can be entered which is protected 
by it; nor would any amount of vigilance 
save vessels from destruction on an 
enemy’s coast defended by it; the Hercu- 
les and Rupert, with their ponderous armor, 
would be as easily destroyed as the un- 
armored Inconstant. 

In my recent letter to the editor of 
“Engineering,” it was admitted that the 
Devastation and consort could steam 
up the Hudson in spite of batteries and 
monitors. But small iron-clads of the 
monitor type without turrets, provided 
with the reel tubular rope, and torpedoes 
charged with 500 lbs. of dynamite, could 
sink Mr. Reed’s breastwork monitors be- 
fore reaching the Hudson. 

As stated, the scope of this mechanical 
device is but limited. Fully impressed 
with this fact, my labors were early de- 
voted to plans for carrying on submarine 
attacks by means of which the contest 
might be removed to the open sea. Be- 
fore the close of the late war, the prob- 
lem was satisfactorily solved; and during 
the month of November, 1866, the lead- 
ing features of a new system of naval 
attack were confidentially laid before the 
King of Sweden and Norway, the Swed- 
ish Minister of Marine, Count B. von 
Platen, and Commodore A. Adlersparre. 

Let me add, for the information of your 
readers, that my object in giving an ac- 
count of my labors connected with sub- 
marine warfare, is simply that of demon- 


In smooth water, the telescope will ' strating the futility of encasing ships of 





VAN NOSTRAND’S ENGINEERING MAGAZINE. 


633 





war with huge masses of iron, and showing 
the absurdity of wasting millions of tons 
of coal in propelling weight which does 
not protect. 


A NEW SYSTEM OF SUBMARINE ATTACK. 


In the above communication I stated as 
a general proposition: that a heavy body 
of regular form, of any density whatever, 
moving through the atmosphere, is in- 
exorably under the influence of the earth’s 
attraction, and therefore describes a fore- 
shortened parabolic curve during its flight; 
while a submerged body, the weight of 
which is equal with the weight of the 
water it displaces, is not affected by the 
earth’s attraction ; and that consequently, 
if put in motion under the surface of a 
quiescent fluid of unlimited extent, such 
a body will continue to move in a straight 
line until the motive energy which propels 
it, becomes less than the resisting force 
of the surrounding medium. 

In virtue of the first part of this general 
proposition, a heavy body may be pro- 
jected in such a manner that the termina- 
tion of its trajectory shall make any de- 
sirable angle, less than 45 deg., with the 
horizontal line, independently of the length 
of the chord of the trajectory. In other 
words, the body may be projected at vari- 
able distances over water, and yet strike 
its surface at any desirable angle. This 
important result is effected simply by vary- 
ing the relative proportion between eleva- 
tion and strength of charge. The second 
part of the stated general proposition is of 
equal importance. It points to the fact 
that the trajectory may be extended in a 
straight line under water, to any desirable 
distance, irrespective of the speed of the 
projectile. Accordingly, a shell may be 
projected from one vessel towards another 
within moderate ranges, in such a manner 
that it shall dip into the water at a con- 
siderable distance from, or close to, the 
vessel assailed, independently of the dis- 
tance between the two vessels. Also that 
the shell may be projected at such an 
angle that the prolongation of its trajec- 
tory in a straight line, after contact with 
the water, shall strike the hull of the ves- 
sel assailed, at any desirable depth below 
the surface. 

That a certain relation between charge 
and elevation enables us to project a 
spherical shot, with considerable accuracy, 
in such a manner as to strike the water at 





any desirable distance from an opponent’s 
vessel, at angles within 45 deg., will be 
admitted. Hence, if the trajectory be 
such that its extension in a straight line 
from the point of contact with the water 
leads to the hull of the vessel assailed, the 
latter will be hit—on condition, however, 
that the shot is not diverted on entering 
the water; and provided its vis viva be 
sufficient to overcome the resistance en- 
countered during its passage through the 
water. These indispensable conditions, 
which apparently cannot be complied with, 
point to the difficulty of hitting a vessel 
below the water line. And if we suppose 
that the projectile is not spherical, another 
serious difficulty presents itself. An elon- 
gated body will not bend to the curvature 
of the trajectory, but retain during its 
flight the same inclination as the gun from 
which it has been projected ; hence it will 
fall nearly flat on the surface of the water 
at the end of its course. 

Agreeable to our general proposition, a 
regular body, weighing as much as the 
water it displaces, is independent of the 
earth’s attraction ; but there is another 
force which, notwithstanding the absence 
of any gravitating tendency, will cause a 
body of regular form moving under water 
to deviate from a straight line and rise to 
the surface. A cone moving in the direc- 
tion of its apex and in the line of its axis 
horizontally, or on an incline, will, owing 
to the inertia and the nearly incompres- 
sible nature of water, more readily dis- 
place the column which rests upon and 
depresses its upper half, than the column 
from below with its lifting tendency. Con- 
sequently, the course of the conical body 
will be diverted from the straight line up- 
wards, describing a curve nearly elliptical, 
and quite sudden, if the speed be great. 
A cylinder with semispherical ends will, 
from the same cause, ascend to the surface 
if moved in the line of its axis ; while a 
cylinder with flat ends will take a down- 
ward course, gradually increasing its in- 
clination until at last the axis assumes a 
vertical position. Obviously, the lower 
part of the forward flat end encounters a 
greater resistance than the upper part ; 
hence the lower half of the transverse sec- 
tion of the cylinder suffers an excess of 
retardation, which occasions the down- 
ward course described. 

The question whether the apparently 
insuperable difficulties thus pointed out 
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may be overcome by mechanical expedi- | effective and a practical success, does not 
ents, has, as already stated, occupied my | call for attack at a great distance, provi- 
attention for a long time ; and numerous | ded the vessel from which the missile is 
experiments have been made to test the | projected has greater speed than the op- 
efficacy of devices resorted to on theoreti-| ponent, and at the same time adequate 
cal considerations. But it is not my pur-/ protection against his artillery. No rea- 
pose to enter on a description of these | son whatever can be assigned why the at- 
devices at present, on grounds that will| tack should not be successful, and the 
appear hereafter. Accordingly, I will as- | destruction of the vessel assailed as certain 
sume that the axis of the elongated pro- | if the distance of 500 ft. were the limit, as 
jectile during its flight through the air is if a ‘range of 5,000 ft. better suited the 
parallel with the tr ajectory, and that on | new system. It will be inferred from this 
entering the water the projectile will not | explanation, that although there is no spe- 
be diverted, but continue to move under | cial limit within ordinary ranges, the 
the surface, with the same inclination it | plan is to attack at distances not much 
had on coming in contact with the dense | exceeding 500 ft., unless the sea be very 
medium. smooth. 

The accompanying sketch presents the! The vis viva of a shell 15 in. in diame- 
main features of my new system of sub- | ter, of such a length that it displaces 500 
marine attack so distinctly, that it will be | Ibs. of water, may be readily estimated if 
superfluous to enter on a ‘general expla-| we suppose the charge of powder in the 
nation of the nature of the scheme. It | gun to be so regulated that the shell will 
may be well to state, however, that the | enter the water at the required rate of 
elongated shell is charged with dynamite | 400% 
and Seoctiiell with a percussion lock and | 400 ft. per second; thus, aq = OX 
trigger, to be actuated as described in my | 500—1,250,000 ft.-lbs. A cy lindrical body 
former communication relative to the self- | 15 in. in diameter, with semi-spherical ends 


acting torpedo. | moving ata rate of 50 ft. per second un- 


It is well known that numerous plans; der water, requires a constant motive 


have been suggested during the last few | force of somewhat less than 400 Ibs. As- 
years, for firing under water, for the pur-/ suming, then, that the shell passes 
pose of piercing the hull of iron-clad ves- | | through 120 ft. of water—the mean dis- 
sels below the ‘point protected by the ar-| tance represented by the accompanying 
mor. In several instances these plans | | diagram—we have a resistance of 120% 
have been carried into practice with the | 400—48,000 ft.-Ibs. to overcome. The 
invariable result that the resistance of the | motive force, it will thus be seen, is more 
water has been found so great, even at! than 24 times greater than the resistance ; 

very short distances, that an ordinary | hence no doubt can be raised as to the 
wooden hull has prov red to be impenetra- | adequacy of the motive power furnished 
ble. The plan now under consideration | by the vis viva of the shell. It should be 


bears no resemblance to these projects. | 
In the first place, the attack is made at a 
distance; and, secondly, the force of the 
missile on reaching its destination, need 
only be sufficient to actuate the trigger 
which causes the ignition of the explosive 
charge. 

Apart from the theoretical considera- 
tions relating to the course of the elonga- | 
ted shell under water, the practical ques- 
tion of motive power to propel the same 
presents itself at the first step in the inves- 
tigation. It is hardly necessary to state 
that the force relied upon is the vis viva 
possessed by the shell on coming in con- 
tact with the water. Before estimating 
this force it will be proper to call atten- 
tion to the fact that my new system, to be 





observed, that the resistance is very great 
at first, and that the speed of the shell 
diminishes in a very rapid ratio ; but it 
would be futile to present a formula ex- 
pressing the ratio of speed and resistance 
since the form of the body is the chief ele- 
ment in the calculation. Suffice to say, 
that while the resistance against a blunt 
body is so great that it can hardly be 
overcome, one provided with a sharp 
point enters the water with much facility, 
even at the rate of 400 ft. per second. 
The passage of the shell through the water 
will, therefore, be sufficiently rapid to 
reach the desired object in proper time. 
With reference to the gun, it should be 
borne in mind, that the very low speed of 
the shell, and the consequent small charge 
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of powder needed, render heavy metal | ing diagram, which cannot fail to con- 
unnecessary. Besides, slow burning cake- | vince naval men that, in moderate weather, 
powder contained in cellular cartridges, | the elongated shell may be made to 
will be employed for the purpose of) dip at the proper distance from an oppo- 


checking rapid ignition, and in order to 
sustain an uniform pressure during the | 
discharge. By reference to our sketch it 
will be seen that the guns are loaded 
from below, and for that purpose so ar- | 
ranged as to admit of being depressed | 
60 deg. Gun carriages are dispensed | 
with, the trunnions being suspended by | 
adjustable pendulum links secured under | 
the turret roof. The recoil is checked by | 
buffers attached to the turret wall in| 
rear of the breach. 

I feel called upon to state, that loading 
guns below deck, as here shown, was | 
planned by me, and drawings represent- | 
ing this method exhibited in New York 
several years before it was claimed by 
certain American engineers as their inven- 
tion. - 

Respecting the safety of the charge in| 
the shell from ignition during the dis- 
charge, it will be well to observe that ef- | 
ficient means have been devised to pre- 
vent such an accident. With reference | 


} 


to the calibre, it is evident that this sys- | 


tem of attack calls for dimensions that 
will admit a shell of sufficient capacity to 
contain a charge which by its explosion 
will destioy a first-class ship of war built 
en the cellular plan. Nothing short of | 
300 Ibs. of dynamite will suffice for this | 
purpose ; hence nothing less that 15-in. | 
calibre will answer. The American and 
Swedish 15-in. guns are admirably calcu- 
lated for the purpose, although they are | 
unnecessarily heavy. 

European savans, especially certain | 
Swedish naval artillerists, who have criti- | 
cised my advocacy of the 15-in. smooth- | 
bore gun, will understand on looking into 
this matter, why I have persisted in ad- | 
vising the Scandinavians to carry this | 
large calibre in their monitor turrets as 
the most effective weapon against their 
powerful neighbors. Assuredly the Danes | 
will have no cause to fear the Prussian 
Kénig Wilhelm or Friederich der Grosse, | 
when their ports are defended by vessels 
armed with guns by means of which 300 
Ibs. of dynamite may be exploded under | 
the hulls of the intruders. 

The important question of hitting the | 
intended object will be best answered by | 
a careful examination of the accompany- | 


| iron-clad ships of war. 


nent’s vessel. The diagram clearly shows 
that no great accuracy is called for, and 
that the shell may dip at various dis- 
tances from the vessel assailed and yet 
strike the hull. It should be observed 
that the vertical scale of the diagram is 
different from that of the horizontal, in 
order not to place the vessels too far 
apart for the hmited size of this page ; 
consequently the trajectory shown is dis- 
torted. 

The turret, it may be briefly noticed, 
in which the light 15-in. shell guns are 
mounted, is composed of flat wrought-iron 
plates forming a square box, wide enough 
to accommodate the two pieces, suspend- 
ed as already stated, by pendulum links 
secured under the turret roof. A massive 


| central shaft of wrought-iron supports the 


square box, on the plan adopted in the 
monitor turrets. The vessel designed to 
carry the rotating square box with its 
light shell guns is a mere iron hull cram- 
med with motive power, in order to in- 
sure a higher speed than that of existing 
The midship sec- 
tion is triangular, and the bow raking, as 
indicated by our sketch. (See Frontis- 
piece.) The overhanging sides and deck 
are heavily armored. 

Permit me to add, that I intend to 
make aformal offer, under certain stipu- 
lations, to furnish, at my own cost and 
risk, a swift screw vessel provided with a 
pair of 15 in. smooth-bore guns, and the 
necessary apparatus for sinking by sub- 
marine explosion, a vessel of the average 
draught of the iron-clad fleet of England, 
while such a vessel is being towed at the 
greatest speed possible, or performing 
whatever evolutions her owner may 
choose, with the distinct understanding 
that the attack shall not be made at a 
less distance than 500 ft. Accordingly, 
it has not been my purpose on this occasion, 
to enter into a full description of my new 
system of submarine attack. It may be 
well, however, to define clearly what the 
scheme is intended to accomplish. If a 
first-class swift iron-clad ship, say the De- 
vastation, unassisted by other craft, will 
meet in’ open water a vessel constructed 
agreeably to the new system, it is contend- 
ed that the latter will sink the breastwork 
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monitor in spite of her guns and impreg- 
nable armor, and notwithstanding evolu- 


tions designed to avoid the submarine 
missile. 





THE STABILITY OF ARCHES. 


Translation from ‘* Exposé de la Situation de la Mécanique Appliquée.’’ 


' Though arches have been constructed { tice, if it is not subjected to a geometrical 


from very ancient times, no attempt was 
made to treat the problem of their equili- 
brium in a scientific manner until the last 
century. La Hire and Couplét made the 
first attempts ; the first complete theory 
is due to Coulomb. His results have been 
verified by experiments on models, of 
which those of M. Boitard may be special- 
ly mentioned. 

The theory of Coulomb consists in ex- 
pressing the equilibrium of each portion 
of the arch between the crown and the 
plane of any joint. Each of these por- 


tions is solicited by its own weight, by the 
weight of its load, and by the reactions of | 
the contiguous parts of the arch. It is| 
generally admitted that the pressure at 
the crown is horizontal; this supposes 
that the arch is symmetrical, and that it| 


is loaded symmetrically with reference to | 
a vertical plane through the crown. As 
the point of application of the thrust is 
not known, it becomes necessary, in dis- 
cussing the conditions of equilibrium, to 
suppose it placed in succession at the 
highest, the lowest, and intermediate 
points. For the equilibrium of each por- 
tion of the arch thus isolated, it is neces- 
sary that there should be no tendency to 
sliding at the joint, and no tendency to 
rotation about either of the edges. These 
various conditions are expressed by sev- 
eral inequalities, in which the thrust at 
the crown and the ordinate of its point of 
application are involved. They should be 
formed for all the courses of voussoirs 
between the crown and each joint; and 
equilibrium will be possible if all these 
inequalities can be satisfied by a positive 
value of the thrust, and a value of the 
ordinate at the crown comprised between 
the corresponding limits of the thickness 
of the arch. If this determination is 
possible, it is still necessary to stability 
that the load at any point shall not exceed | 
the limit of resistance imposed upon con- | 
structors. 

The theory of Coulomb is complete ; but | 
it will not be found convenient in prac-' 








transformation, first pointed out by M. 
Méry in an article inserted in “Les An- 
nales” of 1840. This method depends 
upon the consideration of the curve or 
polygon of pressures. If the thrust at 
the crown were given in magnitude and 
position, it would be sufficient to com- 
pound it with the weight of a portion of 
the arch lying between the crown and 
any given joint, load included, in order to 
determine the reaction of the portion 
situated beyond the plane of the joint. 
The geometrical construction of this re- 
action would show whether there was a 
tendency to sliding or rotation ; for there 
would be no tendency to slide unless the 
resultant should make with the normal to 
the joint an angle greater than the angle 
of friction between the voussoirs; and 
there would be no tendency to rotation so 
long as the line of mutual reaction passes 
through the joint, and not beyond it. 
Hence, if the thrust at the crown is given, 
the polygon of mutual reactions at the 
joints can be traced by compounding this 
thrust successively with the weights of 
the voussoirs and their loads. To insure 
equilibrium this polygon should cut all 
the joints in the arch, and should intersect 
them nearly at right angles. The locus 
of the points of intersection of the suc- 
cessive reactions, become at the limit, 
when the voussoirs are of infinitesimal 
thickness, the curve of pressures. Instead 
of referring to the actual planes of the 
joints, it is usual to divide the arch by 
vertical sections, in order to compound 
the thrust at the crown with the weights. 
This slightly alters the trace of the curve, 
but gives it a useful geometrical property, 
viz., that of representing the mutual re- 
actions by tangents. The curve is then 
entirely analogous with funicular curves, in 
which the tension has a tangential direc- 
tion. This property of the curve of pres- 
sures does not generally hold when the 
planes of separation of the various parts 
of the arch are inclined to the directions 
of the forces. 
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The curve of resistance is thus far de- 
fined, if its point of departure at the 
crown, and the direction and intensity of 
the thrust, are given. It is expressed by 
a differential equation of the third order, 
the integral of which contains three arbi- 
trary constants. The curve may, there- 
fore, be subjected to the condition of pass- 
ing through three arbitrary points, and 
these are usually taken at the crown and 
at the springings. If the arch is sym- 
metrical to a vertical plane through the 
crown, these three points may be sym- 
metrical, so that the curve will be so. 
This is the most general case. The thrust 
at the crown is thus made horizontal. 
Very simple geometrical construction gives 
the magnitude of the thrust at any point ; 
and the trace of the curve can be obtained 
by dividing the arch into small elements. 
When the curve is entirely comprised 
within the thickness of the arch, its dis- 
tance from the intrados will not generally 
be constant at all points. 
rupture occurs where this distance is the 
least possible. It is here that the ma- 


terials of the arch suffer the greatest 
pressure, and where rupture takes place 
if the distance between the curve and the 


intrados is too small. The joint of rup- 
ture opens along the extrados, and a 
crack extends across the spandril. If the 
curve of pressure approaches the ex- 
trados the joint tends to open toward the 
intrados. 

These tendencies appear in all arches 
that can be observed, and the trace of the 
curve of pressure explains the facts which 
the old experimenters observed, but could 
not account for. Thus, in arches having 
the form of an arc of a circle, the joint of 
rupture is near the springing, and gener- 
ally causes a crack in the spandrils in 
consequence of the opening of the joint 
at the extrados. In full semicircular 
arches there is a slight tendency to open 
towards the intrados at the crown, and 
towards the springing lines ; while at an 
equal distance from these joints, at the 
joint of rupture, there is a tendency to 
open in the opposite direction. 

The problem of the curve of pressures, 
as we have seen, is indeterminate ; since 
the equation of construction contains 3 
arbitrary constants in the general case, 
and 2 when the arch is symmetrical. 
This indicates that in a statical point of 
view, there are an infinite number of pos- 


The joint of 





sible equilibriums ; but one of these actu- 
ally exists. If the real laws of molecular 
action were known, we should have the 
conditions necessary to determine this 
particular equilibrium. But we are ar- 
rested in this research by our ignorance 
of the actual laws. An attempt has been 
made to introduce into the problem con- 
siderations of the minimum value. The 
problem thus becomes determinate, but 
this determination is arbitrary, and there 
is nothing to prove that it is warranted. 
It seems to leave out of view special con- 
ditions of relative position, which though 
difficult to express in the calculus, still 
have a preponderant influence upon the 
distribution of pressures in the arch. M. 
Drouets has considered the problem from 
another point of view. In a fine memoir 
published in the yeur 1865, in “‘ Les Anna- 
les des Ponts et Chaussées” he has dis- 
cussed the results furnished by the method 
of M. Méry, and, with the aid of ingenious 
geometrical considerations, has been able 
ot determine a curve of particular pres- 
sures, which satisfies the general conditions 
which make equilibrium possible. If it 
pass beyond the limits of the arch or 
show too great local pressures, it is cer- 
tain that equilibrium is not possible. 

Builders generally take for points of 
intersection the tiers superieur from the 
crown and the middle of the joint at the 
springing, a method which is expedi- 
tious, and in most cases sufficient. 

The method of the curve of pressures, 
like that of Coulomb, from which it is de- 
rived, is a method of verification of equi- 
librium rather than a method of invention 
of the form of the arch. It has been of 
great service in reducing the thickness of 
arches and relieving them of a load which 
tended to destroy instead of strengthen- 
ing them. But the forms authorized by 
long practice have not been modified by 
the influence of the new theories. An at- 
tempt has been made to determine by the 
calculus the best form to give to arches. 
M. Yvon-Villarceau has published a very 
interesting paper upon this subject, in 
which he delineates the lines of 
arches of equal resistance. The results 
of this analysis have not been introduced 
into constructions. M. Carvalho pub- 
lished in “ Les Annales des Ponts et Chau- 
sées,” in 1853, a paper in which he endeav- 
ors to find the best form for the extra- 
dos of an arch of which the intrados is 
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given; and he determines the line, so 
that the curve of pressures of the load- 
ed arch coincides with the curve of pres- 
sures of the arch without its load. The 
tables given in this memoir are useful in 
constructions. 

In a practical point of view, the prob- 
lem of the arch may be regarded as al- 
most solved. The formulas given by Per- 
ronet are generally applied in determin- 
ing the thickness at the crown and at the 
pieds droits. An inequality gives the infe- 
rior limit of thickness necessary to pre- 
vent tipping about the outer edge of the 
base ; itis obvious that this does not in- 
crease indefinitely, as the height of the 
pied droit increases. Tables and empi- 
rical formulas more or less complex de- 
termine the principal elements of the con- 
struction. Builders, it is true, do not 
agree upon certain points ; as, for exam- 
ple, upon the question of the change of 
thickness between crown and springing. 





The equilibrium of arches when cen- 
tred, is a problem still quite obscure. It 
was formerly treated by Couplet and af- 
terwards by Perronet, who, in the con- 
struction of the beautiful bridges at 
Nantes and Neuilly, employed trussed 
centres of surprising lightness. The meth- 
od of the curve of pressures now solves 
the problem in a more rational manner ; 
but the complete determination of the 
strains developed in the centring, and 
in the arch, supposes the resolution of the 
problem of deformation of the centring, 
which requires a calculus very complica- 
ted and probably inextricable. Hence, 
engineers who deal with the question 
avoid the difficulty by reversing the prob- 
lem. They admit that the ceuatring 
makes the curve of pressures parallel to 
the intrados. This hypothesis makes 
known the action of the centring upor 
the arch, and may guide in the choice ol 
forms to give to the carpentry. 





THE SELF-PURIFICATION OF RIVERS. 


From “The Engineer.’’ 


It is frequently asserted that history 
repeats itself, that events take place in 
recurring cycles, and that everything 
mundane tends to return to its normal 
condition. Upon this last hypothesis 
must, we think, be based the argument of 
those who have stated, and still maintain, 
that polluted and contaminated waters 
will, under certain circumstances, by a 
process of self-restoration, return to that 
state of pristine purity with which they 
were endowed bynature. This erroneous 
idea has long since been exploded in our 
editorial columns, and will receive its 
death-blow from the confirmation our 
views with respect to it have received in 
the recently issued Report of the Rivers’ 
Pollution Commission. As we admitted 
then, we admit now, that a certain amount 
of purifying action is produced upon 
large volumes of running water by expo- 
sure to the air ; but we emphatically now 
deny, as we denied then, that this can be 
justifiably termed a purification, or re- 
garded even as an approximation to their 
restoration to their original purity, clean- 
liness, and sweetness. What was the as- 
sertion put forward by those who were 
interested in first polluting a river with 





sewage, and subsequently stating, in at- 
tempted justification of their conduct, that 
the contamination was but ofa trivial and 


temporary nature? Their statement was, 
“that if sewage be mixed with twenty 
times its volume of river water the organic 
matter which it contains will be oxidized 
and comparatively disappear whilst the 
river is flowing a dozen miles or so.” 
Were a million gallons of sewage to be 
discharged into the Amazon or the La 
Plata near their sources, it is possible that 
but little vestige of its injurious or offen- 
sive properties would remain by the time 
it was wafted to the shores of the Pacific. 
But the case assumes a different aspect 
when the scene is transferred to our own 
country and our own streams, and when 
the incessant daily discharge of sewage 
bears a proportion in volume to the con- 
tents of the channel of its reception which 
renders the process of self-purification of 
the latter a physical impossibility. To 
imagine that it could be otherwise would 
be tantamount to maintaining that a per- 
petual cause can produce only a temporary 
effect. There was atime in England, as 
there still is in all thinly populated and 
undeveloped countries, where purity was 
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the ocean, pollution the drop. Now the | hood of salt deposits, either solid or fluid. 
position of affairs is reversed; contamina-| To afford a good idea of the comparative 
tion is the ocean, purity the drop ; and in | state of purity to which the waters of the 
the majority of instances the drop is so | Thames near Hampton have been brought, 
infinitesimal that it eludes the power of | it will be sufficient to refer briefly to the 
every agent that science, chemistry, and | results of the analysis made by order of . 
analysis can employ for its detection. the commission of the Thames water and 
If we were asked, what are the causes of | that of the Lancashire rivers. If the pol- 
river pollution? our answer would be, |lution of the Thames at Hampton be re- 
everything that is capable of rendering | presented by unity, the maximum amount 
water foul and contaminated. There is | of that of the Lancashire rivers by organic 
not an offensive, impure, or noxious sub-| carbon and organic nitrogen will be 6.5 
stance that does not at some period or | of the former and 49.3 of the latter. It is 
other find its way into a watercourse. | rather curious that there is a greater de- 
There are, notwithstanding, several foreign | gree of contamination in the streams of 
ingredients in water that do not neces-| Lancashire in winter than in summer, al- 
sarily render it impure in the sense of in- | though, for obvious reasons, it is not so 
jurious. Water may contain suspended | apparent. This is one of those facts that 


and dissolved bodies which may render it | 
unfit for drinking or domestic purposes, 
but which do not cause it to be either 
dangerous to health or offensive to the 
senses. Dismissing the terms pure and 
impure, and substituting those of polluted 
and unpolluted water, the chemical differ- 
ence in their composition is the important 
fact to keep in view. A natural or unpol- 


luted water frequently becomes turbid, or, 
to use the common phrase, dirty, from 


natural causes alone, but it is not thereby 
polluted. The contamination is only ap- 
parent, not real—only mechanical, not 
chemical—and can readily be removed by 
the employment of mechanical means 
solely. An unpolluted water may be re- 
cognized by being inodorous and tasteless, 
and by possessing a very faint alkaline re- 
action. It contains in 100,000 parts about 


| would not be suspected, and probably 
| would be strenuously denied until proved 
| to be true by the unerring test of analysis. 

Returning to the immediate subject of 
our article, namely, the statement that 
rivers—or, generally speaking, running 
waters—possess a remarkable power of 
self-recuperation, it must be borne in mind 
that hitherto this has been a bare asser- 
tion, never proved, or attempted to be 
proved in any manner whatever. It might 
be imagined that those who ventured 
upon so wholesale and sweeping an opin- 
ion would have taken some care to have at 
any rate aslight foundation upon which to 
erect so extensive a superstructure. Un- 
fortunately for their argument, it was left 
to the commission to set the matter at 
rest one way or the other, as the members 
considered it of the highest importance 





0.5 of carbon, and 0.1 of nitrogen, in the 
shape of organic matter, and is also en- | 
dowed with the distinguishing feature of | 
being incapable of putrefaction, although | 
exposed to a summer temperature for 
some length of time in close reservoirs 
and vessels. Classing the numerous 
sources of river pollution under the two 
general heads of sewage and manufactu- 
ring refuse, it is the organic constituents 
of the former class that impart both the 
most offensive and most injurious proper- 
ties to our streams and watercourses. 
Their amount of organic carbon is at once 
raised from 0.5 to 2.0, and of organic ni- 
trogen to 0.75. An infallible sign that a 
stream has been polluted with sewage is | 


| 


| 





that the truth should be known respect- 
ing a question which involved the health 
and welfare of all our large cities and 
towns. A favorable opportunity presented 
itself during the visit of the commission- 
ers to the basins of the Mersey and Rib- 
ble for making the experiment, which was 
conducted with the same care and impar- 
tiality which characterize all their pro- 
ceedings. The three rivers, the Mersey, 
the Irwell, and the Darwen, after being 
polluted to the last degree, have an aver- 
age flow of 12} miles without receiving 
any further contamination, although their 
respective volumes become considerably 
augmented by the accession of unpolluted 
affluents and tributaries. This disturb- 


the presence of chlorine, assuming always|ing cause must be taken into account 
that its waters do not flow—like those of | when the results of the experiments are 
the Weaver, for example—in the neighbor-| considered. Samples of the water at the 
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two extremities of the above distance were 
taken, and their composition ascertained 
by chemical analysis. The temperature 
plays an important part in the process. 
When it does not reach 64 deg. Fahr. there 
is very little effect produced by the flow 
upon the organic matter dissolved in the 
water. Taking the mean of the experi- 
ments upon these three rivers, the per- 
centage reduction of the organic elements 
after the flow of 12} miles was for organic 
carbon 10.98, and for organic nitrogen 
8.58. In order to eliminate the element 
of uncertainty introduced into the calcu- 
lation by the variable composition of the 
waters, which it should be borne in mind 
was all in favor of the self-purifying 
action, one volume of filtered London 
sewage was mixed with nine volumes of 
water. The mixture was carefully ana- 
lyzed, and freely exposed to the light by 
siphoning it in a slender stream for seve- 
ral days from one vessel to another, the 
fall being three feet. It is not necessary 
to enter into the details of the conclusions 
arrived at. It is sufficient to state that 
the results indicate very closely the effect 
which would be produced by the flow of 
a river or stream containing 10 per cent. 
of sewage for 96 and 192 miles respect- 
ively, at a rate per hour of one mile. The 
percentage reduction of the organic car- 
bon in the first distance would be 6.4, and 
of organic nitrogen 28.4. For the latter 
distance the corresponding figures are 
25.1, and 33.3. As the temperature during 
this experiment was nearly 70 deg. Fahr., 
it demonstrates that the oxidation of the 
animal organic matters in sewage pro- 
ceeds very slowly. It was also demon- 
strated by another experiment on the rate 
of oxidation of sewage, that supposing a 
river polluted with the above proportions 
of sewage received no further contamina- 
tion for a distance of 168 miles, it would 
then lose about 62.3 per cent. of its inju- 
rious and offensive properties. Is there 
any river or stream in England which 
could fulfil those conditions? Granting 
that only one discharge of sewage took 
place, it might be safely inferred that 
there “is no river in the United Kingdom 
long enough to effect the destruction of 
sewage by oxidation.” 

In addition to the conclusive results ar- 
rived at by the commissioners, it was 
proved by the evidence of landowners 
situated eight or ten miles down the 


| stream from the town where the pollution 
originated that the water was “ utterly 
foul, slimy, thick, and seething.” If we 
examine into the cause of the belief by 
many persons of the self-purifying power 
of running water, it will be found in the 
identity they suppose to exist between 
clear and pure water. A stream will, 
during its flow, deposit a large proportion 
of the grosser and visible impurities which 
are held simply in mechanical suspension. 
The turbidity of it, or, in plain language, 
its dirtiness, will thus be plainly decreased; 
but the amount of the dissulved impurities 
will remain the same. The water will 
look cleaner, but chemically will be as dirty 
as before. But, although the stream de- 
posits by subsidence the mud or other 
substances mechanically suspended in it, 
they are not by these means rendered in- 
nocuous. On the contrary, in flood times 
and during summer this deposited sedi- 
ment becomes stirred up and putrescent, 
and when collected proves to be “dis- 
gustingly offensive.” After the facts laid 
before them, our readers are fairly war- 
ranted in dismissing all idea of the self- 
purifying powers of running water, not, 
perhaps, as Sir Benjamin Brodie observed 
in his evidence, as “ absurd,” but as prac- 
ticable only under conditions the fulfil- 
ment of which is impossible. 





Q°G: Passace To Bompay via THE Suez 
Canat.—The Bywell Castle, steam- 
ship, belonging to Messrs. Palmer, Hall 
& Co., arrived at Bombay on the 16th ult., 
after a passage of 35 days from the 
Thames, including 3 days occupied in 
passing through the canal. 





vez Canau.—Direct steam communica- 

tion between Holland and her East- 
ern dependencies (Java, Sumatra, Sun- 
da Islands, etc.) via the Suez Canal, is 
being organized at Amsterdam, under the 
honorary presidency of Prince Henry of 
the Netherlands, brother to the King of 
Holland. 





ye elevated railway in Greenwich 
street, in this city, is (as usual) an- 
nounced to be about ready for public pat- 
ronage. 
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SIPHON AND SUCTION 


PUMPS. 


Translated from “‘ Les Mondes." 


M. de Lagillardais has invented an ap- 
paratus which utilizes in many ways the 
simple phenomenon of the discharge of 
liquids, or of liquids mixed with gas, 
through tubes bent in a vertical plane like 
the ordinary siphon. 

The pressure determines the direction 


prises d’air, which cause the pulverization 
of the liquid in the ascending brandies, 
the pressure can be regulated. 

Of the two siphons referred to, the first 
takes the name of suction siphon, with 
reference to the second, which, because 
its effect is like that of the common pump, 
is called the siphon pump. The first 
siphon acts as a motor to the second ; it 
makes use of a fall of water to produce 
the suction which raises and carries the 
liquid over. 

The priming (amorgage) of the suction 
siphon is affected by means of an appa- 
ratus called the priming reservoir. 

A primer, @ suction siphon, a com- 
munication betwen suction siphon and 
pump siphon, ajutages, are the elements 
employed by M. de Lagillardais. 
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and the continuity of discharge in these 
tubes. A discharge being induced in the 
first siphon, ,will cause a suction of the 
air contained in a tube communicating 
with its top; this again will set the second 
siphon in action. It is obvious that by 
means of a combination of siphons and of 


The figure (A) is an illustration of the 
apparatus. 
A suction siphon, using the head of a 


j certain quantity of falling water which 


passes through B C to a lower level, pro- 
duces a suction in the pipe e, and finally 
a discharge from the receiving reservoir 
through the orificec. The details may be 
easily understood from the figure. The 
priming reservoir is set at the common 
level of the top B, and of the receiving 
reservoir; it communicates with the race 
by a vertical tube provided with a stop- 
cock D. This priming reservoir commu- 
nicates with the top of the siphon B and 
with the receiving reservoir. Suppose 
this to be full of water ; by opening its. 
connections with the race and with the 
suction siphon, the others being closed, 
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the priming of A, B, C, will be caused by 
the fall of water. As soon as the suction 
siphon is in action, its communications will 
cause action in the priming reservoir, 
which will be ready at any time to renew 
its action after the operation has been in- 
terrupted by any cause ; and also to re- 
new the action in the receiving reservoir. 
A manometer, c, f, g, will show the force 
of suction. The communications of the 
different parts of the apparatus require 
regulation. This is automatically accom- 
plished by a valve, shown in detail in Fig. 
B. Fis a float acting upon a valve a, 
connected to it by a hollow stem which 
guides the socket &. At 7 are the orifices 
regulating the admission of air into the 
primary reservoir. 

In Fig. A, the suction siphon and the 
siphon pump dip into the same layer, so 
that a part of this layer is lifted at the ex- 
pense of the other, which acts as motive 
force. Generally speaking, the priming re- 
servoir, the suction siphon and the pump 
siphon, when communicating with their 
upper connections, correspond to distinct 
layers of the liquid. The levels of the 


| priming reservoir and of the tops of the 
siphons may also be independent. 

In the most complex case, as represent- 
ed in Fig. A, in which the reservoir is 
above the priming reservoir, it would be 
necessary to fix a pulverization ajutage at 
the bottom of the ascending tube of the 
receiving reservoir, and to adjust the suc- 
tion pump accordingly. 

The applications to which M. de Lagil- 
lardais proposes to adapt this apparatus 
are numerous. He mentions, in particu- 

The priming and the maintenance of 
the action siphons employed in the drain- 
age of liquids; especially siphons dis- 
charging a basin at high tide. 

2. The elevation of liquids and all 
kinds of drainage. 

3. The production and maintenance 
of a vacuum ; and as a consequence the 
freezing, condensation, and evaporation of 
liquids in a vacuum. 

This apparatus is new and ingenious. 
It seems to be available in the utilization 
of those natural forces which so often re- 
main unproductive. 








UNION PACIFIC 
From ‘The 


We are indebted to Gen. G. M. Dodge, 
late Chief Engineer of the Union Pacific 
Railroad, for a copy of his Report, Decem- 
ber 1, 1869, to President Ames, giving a 
connected history of operations in his de- 
partment, with reports of Chiefs of Par- 
ties during the years 1868 and 1869. 

We preface an abstract of the most 


ENGINEERING. 


Iron Age.” 

|the Platte and its tributaries over the 
— and thus overcome the Rocky 
| Mountains. Subsequently, under the pat- 
ronage of Mr. Farnham, General Dodge 
extended the examination westward to the 
eastern base of the Rocky Mountains and 
| beyond, examining the practicable passes 
'from the Sangre Christo to the South 


valuable portions of the Report, with a| Pass; made maps of the country and de- 
sketch of the , veloped it. The practicability of the 

EARLY SURVEY, | route, the singular formation of the coun- 
and Mr. Dodge’s connection therewith. In | try between Long’s Peak, the Medicine 
1853, Henry Farnham and T. C. Durant, | Bow Mountains, and Bridger Pass, on the 
who had the contract for building the Mis- south, and Laramie Peak and the Sweet- 
sissippi and Missouri road (now the Iowa | water and Wind River ranges, on the 
division of the Ch., R.I. & Pac.), instructed north, demonstrated that through this 


Peter A. Day to investigate the question | 


of the proper point for that road to strike 
the Missouri river, to obtain a good con- 
nection with any road that might be built 
across the continent. General Dodge was 
assigned to the duty, and surveys were ex- 
tended to and up the Platte Valley, to as- 
certain whether any road built on the 
central or then northern line would follow 


range the road must eventually be built. 
He reported to Mr. Farnham, and through 
his and his friends’ efforts the prospect for 
a Pacific road began to take shape. 

In after years surveys were extended 
through the country previously explored, 
and its capabilities for the building of a 
railway to the Pacific fully demonstrated. 

In doing this over a country covering a 
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width of 200 miles, and on the general 
direction of the 42d parallel, some 15,000 
miles of instrumental lines have been 
run, and over 25,000 miles of reconnais- 
sances made. 


DIFFICULTIES ENCOUNTERED. 


In 1863 and 1864 surveys were inau- 
gurated, but in 1865 the country was sys- 
tematically occupied; and day and night, 
summer and winter, the explorations were 
pushed forward through dangers and 
hardships that very few at this day appre- 
ciate, as every mile had to be run within 
the range of the musket. Numbers of our 


men (says Mr. Dodge), some of the ablest, | 


were killed ; and during construction, | ¢2S4erfer hisin July, both before the time 


stock was run off by the thousand; and as 
one difficulty after another arose and was 
overcome, both in the engineering, run- 
ning and construction departments, a new 
era in railroad building was inaugurated. 
Each day taught lessons by which they 
profited for the next, and the advances in 
the art of construction were marked by 
the progress of the work; 40 miles of 
track having been laid in 1865; 260 in 
1866; 240 in 1867, including the ascent of 


the Rocky Mountains, 2,235 feet above the 
ocean; and during 1868, and to May 10, 
1869, 555 miles, all exclusive of side and 
temporary tracks, of which over 180 miles 
were built in addition. 

The first grading was done in the au- 
tumn of 1864, and the first rail laid in July, 


1865. When one looks back to the be- 
ginring at the Missouri river, with no 
railway communication from the east, and 
400 miles of the country in advance with- 
out timber, fuel, or any material to build 
or maintain a road, except the sand for 
the bare road-bed itself, with everything 
to be transported, and that by teams, or 
at best by steamboats, for hundreds and 
thousands of miles ; everything to be cre- 
ated, with labor scarce and high, we can 
all look back upon the work with satis- 
faction. 


FINAL LOCATION. 


Its location has been critically examined, 
and in regard to the correctness of the 
general route, no question is ever raised ; 
and even in the details of its location, 730 
miles of which were done in less than 6 
months, it has received the praise of some 
of the ablest engineers of the country. Its 
defects are minor ones, easily remedied, and 





all the various commissions have given the 
company due credit in this particular. 

In January, 1858, Mr. Dodge received 
instructions fur that year. He was to 
finish the location to Green River by June 
1, to Salt Lake Valley by autumn, and 
before winter, to develop the country west 
of Salt Lake. He made ample arrange- 
ments to accomplish this. James A. 
Evans, in charge from Laramie to Green 
River, having four parties who took the 
field in March, the snow being deep, and 
Mr. Blickensderfer, with three parties, to 
locate from Green River to Salt Lake, who 
took the field in March. Mr. Evans com- 
pleted his survey by May 2, and Mr. Blick- 


set. 

In April, the Vice-President informed 
Gen. Dodge that “he desired to cover the 
road with men from Green River to Salt 
Lake within one month, and to Humboldt 
Wells in three,” and notwithstanding no 
intimation had been given, and no arrange- 
ment made to carry out such a programme, 
he succeeded in completing the location 
over the difficult work, and over a large 
portion of the light work, before the con- 
tractors could get on the road. The for- 
cing of the parties forward so fast, over so 
difficult a country, gave no time to review 
lines, and re-examine or re-run them on 
the ground. West of Green River and 
down Bitter Creek there was no prelimin- 
ary line standing as a guide, the surveys 
by Evans and Reed in 1864 being obli- 
terated. The locating engineers lost no 
time by any party ; but worked day and 
night, even to the full seven days of the 
week. 


BROWN’S PASS TO GREEN RIVER. 


From Brown’s Pass, latitude 41 deg. 50 
min., to Green River, latitude 41 deg. 38 
min., the line is so direct that on the 
ground it does not increase the distance 
over an air line 5 miles in more than 200, 
and in the measurement by longitude the 
increase is not perceptible. This location 
has no grade to exceed 65 ft. per mile ; 
no curvature to exceed 6 deg., and in the 
detailed location its per cent. of curve 
line is one-sixth, of tangent five-sixths. 

In the Rock Creek country, the contour 
of the ground has been too closely follow- 
ed, and too much curvature is used, « mat- 
ter easily remedied hereafter. With this 
and other slight exceptions, the location 
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is fair, the grades easy, curvatures light, 
alignement very direct, the water-ways 
ample, and the resources of the country, 
with its coal beds, made available. The 
grading, mostly in embankment, is 1 to 2 ft. 
higher than appears necessary in the sum- 
mer, so to avoid the snows of winter, the 
economy of which has already been de- 
monstrated by the diminished ability of 
that portion to obstructions from snow. 
The location down Bitter Creek is a good 
one—bold, direct, and made with an in- 
telligent view of the commercial value of 
a line, as determined by alignement and 
grades, as well as mere cost of construc- 
tion. The question of a supply of water 
between North Fork of Platte and Bitter 
Creek received serious consideration in 
1867. Therunning of construction trains 
was difficult, most of the water having to 
be taken from North Platte ; yet time 
brought a fair supply at all the wells, and 
now trains run without detention. 

The alkali and soda-water district ex- 
tends from the Laramie to Green River, 
but they take water from mountain 
streams and springs, from the Laramie to 
North Fork of Platte, throwing all the 


bad water on one division, Rawlins to 
Green River. 


GREEN RIVER TO MOUTH OF WEBER. 


Gen. Dodge’s examinations of 1867 had 
satisfied him that the true route was north 
of Salt Lake. It was desirable to get a 
more direct line than by way of Weber 
Valley. Of all the passes over the Wa- 
satch that at the head of Blacksmith Fork 
alone remained, and it was considered 
important to definitely settle its character. 

Mr. Hodges’ examinations determined 
the impracticability of the Blacksmith 
Fork route, which would have saved 40 
miles and given a much better direction. 

A careful examination of the located 
line, as well as of all the other lines sur- 
veyed, either then or afterward by the 
construction department, convinced Gen. 
Dodge that the line adopted is superior 
to any other. No other compares with it 

-in a commercial value ; and in avoiding 
obstructions from snow, no other is equal 
to it. 

Considering the character of the coun- 
try, the 

LINE FROM PIEDMONT TO PROMONTORY 


may be considered a remarkable one, 











crossing three ranges of mountains, pass- 
ing for 60 miles through the gorges of 
the Wasatch, and descending from an 
elevation of over 7,000 feet above the 
ocean to one of less than 4,300. This line 
of two hundred miles in length, in the mag- 
nitude of the work required, does not 
much exceed the 200 miles eastward from 
Piedmont, comprising the valleys of 
Black’s Fork, Green River, and Bitter 
Creek. Nature did much to render it 
comparatively easy to overcome the great 
obstacles which had been looked upon as 
the most formidable barriers to the road, 
and, by a skilful location, the work per 
mile in cubic yards was rendered very 
light, and should not, under ordinary 
circumstances, have cost over 25 per cent. 
more per mile than for the same distance 
east of the rim of the basin. But the 
cost was often doubled and even trebled 
and quadrupled. This is accounted 
for by the untoward circumstances under 
which it was pressed to completion, and 
not by any large amount of work per 
mile, or peculiarities, location, or its 
mountainous character. 


MOUTH OF WEBER TO HUMBOLDT WELLS. 


The best line for grades and curvatures 
would have been to cross Bear River arm 
of the lake, eight miles in width, but they 
found from 12 to 22 ft. of water, a perma- 
nent rise of 9 ft. since 1863. This forced 
them to adopt the line north of Bear 
River Bay, substantially that run in 1867 
for the Central Pacific Railroad. 

The prominent features are the mud flats 
skirting the north of the desert; the 
crossing of Promontory Point ; the pas- 
sage of a spur of Raft River Mountains 
by Red Dome Pass ; turning of Raft River 
Mountains proper by Rosebud Creek ; 
passage of Omber or Pilot Peak range by 
Surprise and Passage Creeks ; the climb- 
ing of Toano Mountains, 1,270 ft. above 
desert, by a continuous 60 to 65 ft. grade; 
and the passage of these mountains by 
Ives’ Pass ; the Pegnoss Range by Peg- 
noss Pass ; Cedar Range by Cedar Pass, 
and of the Humboldt Mountains by that 
natural depression at the head of the 
valley of the Humboldt, at Humboldt 
Wells. 

There had been so much said about 
building over the mud flats that a thorough 
investigation was made. Where water 
stood on them it was found that they be- 





VAN NOSTRAND'S ENGINEERING MAGAZINE. 





came harder, and 2 ft. below a clayey sub- 
sotl existed, capable of sustaining a road- 
bed. Below, quicksand was often met; 
but with a high bank, giving proper 
drainage, a bed could be properly sus- 
tained, if properly ballasted. He there- 
fore crossed the flats where alignement or 
grade demanded it. 

Promontory Point, the most difficult sum- 
mit to make, and where the most intricate 
line, the heaviest work, the highest grades, 
and the sharpest curves occur, is a bold 
backbone running north and south, 600 
ft. high, with scarcely 4 miles of direct as- 
cent from the east, and 12 of descent on 
the west, devoid of natural ravine or water- 
course. To approach the summit the line 
has to cling to the rough sides of the 
ridge, and gain distance by running up 
Blue Spring Creek Valley, and winding 
back again on its opposite side. Lines of 
70, 80 and 90 ft. grades were traced on 
the western slope, and the 80 and 90 ft. 
were so nearly equal that it required a 
careful adjustment of each, and close esti- 
mate, to determine which was entitled to 
the preference. Finally, the 80 ft. line 
was adopted, and considerably improved. 
The 6 miles on the east slope has heavy 
work and a few 6 deg. curves as a maxi- 
mum, and is by far the most difficult por- 
tion of the line west of Weber Canon. 
After surveying a number of lines they 
made a location over it. Subsequently, 
they adopted the 83 ft. grade line. 

Grading at this point was not commenc- 
ed until Feb., 1869, and from the material 
to be moved, with the track rapidly ap- 
proaching, it became necessary to work 
night and day, and increase teams with- 
out regard to economy. Eight hundred 
thousand yards of material were taken out 
by contractors in the early stages, costing 
$623,000 ; while 178,000 yards, under the 
day system, when working night and day 
shifts, cost $618,000. This fact shows that 
the company spared neither money nor 
labor to gain time in the final completion 
of the road. The descent on the west is 
made with 53 ft. grade, and light work. 
The mud flats are crossed, and Monument 
Point reached at an elevation of about 
4,300 ft. The western shore of the lake, 
near Monument Point, is bold, where 
boats couid easily land. 

Red Dome Pass, 600 ft. above the lake, 
is ascended with a continuous 65 ft. grade, 
no curves to exceed 6 deg., and very light 


l 
|work. The descent is slight for 20 miles 
to Terrace Pass, from which the line, de- 
scending to the level 30 miles, skirts the 
north rim of the great desert. This 30 
miles is a tangent almost the entire dis- 
tance. It there enters the valley of Sur- 
prise Creek, crosses it with 12 miles tan- 
gent, and makes the ascent of the Toano 
Mountains with a 60 ft. grade, probably 
the most remarkable ascent on the conti- 
nent, as 900 ft. of elevation is made with 
a continuous 60 to 65 ft. grade of 14 miles 
in length, with no cut or fill to exceed 10 
ft., and no curves to exceed 4 deg. 

The remarkable feature of these moun- 
tains is their long foot slopes, with a 
contour so uniform that almost any eleva- 
tion can be obtained without heavy work. 
Toano Mountains are passed by Ives’ Pass, 
from which the line diverges to the north, 
down a tributary of Thousand Springs 
Valley, with easy grades, to the intersec- 
tion of Pegnoss Creek, which is ascended 
to the summit of Pegnoss Range at Peg- 
noss Pass. The line then makes almost 
directly west into the valley of Independ- 
ence Creek, from which it rises to Cedar 
Pass, and then descends by clinging to the 
long slopes with 60 ft. grades, to Humboldt 


Wells, where the location ends at an ele- 


vation of 5,587 ft. above the sea. The 
line is remarkably cheap for such a moun- 
tainous country, passing 6 ranges at right 
angles in 232 miles. 

It is remarkably direct, will be free 
from snow, passes through a country a 
great portion of which is susceptible of 
cultivation, well enough timbered with 
cedar and pine sufficient for all practica- 
ble purposes, with mountain streams, 
affording a fair supply of water. 

North of the desert the valleys are 
heavily bedded with grass, and the hill- 
sides covered with bunch grass of the 
finest quality. The country allows a very 
good alignement, avoiding extreme curva- 
ture and no grade over 65 ft., with very 
light work except on Promontory. 


ROUTES AROUND SALT LAKE, 


General Dodge became satisfied that 
the northern was the true route. As the 
company desired a comparison of the two, 
he examined both personally, and ran sev- 
eral instrumental lines on the south side, 
full details of five being obtained, but one 
|of which required comparison with the 
‘north line. 
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The south line would connect with the 
main line just west of Ogden, from Hum- 
boldt Wells 301.3 miles, as against 225 
miles by the present road. This line avoids 
the Fromontory Mountain with its heavy 
grades and work, but, instead of 5 miles of 
80 ft. grade, has three times as many miles 
over Goshoot Pass with 90 ft. grade, and 
nearly three times the amount of work 
passing the Toano Mountains. 

This comparison shows conclusively the 
superiority of the northern over the south- 
ern line, being shorter by 75.15 miles, 
having less ascent and descent, and a less 
elevation to overcome and less curvature. 
The total cost of the north line is about 
$2,500,000 less than that of the south line 
would have been, besides the difference as 
a purely engineering question. 


MATERIALS ON THE LINE. 


Timber and Stone.—Near the heads of 
the watercourses in the mountains a suf- 
ficiency of timber within available distan- 
ces can always be found for the ordinary 
repairs of the road in replacing ties for 
buildings, and for other local uses, but not 
of a quality suitable for large or important 
railway structures. Good building-stone 
will be more difficult to obtain, as much 
supposed to be durable, from the presence 
of some element yet unknown, proves to 
be, when exposed to the atmosphere, en- 
tirely unreliable and useless. There are, 
however, some quarries of good stone on 
the road. 

Ballast.—The road-bed is very largely 
composed of sand, gravel, and loam, 
which of themselves sustain a track well, 
and the climate is so dry that neither the 
autumnal frosts nor the spring thaws 
affect the ground materially, and the track 
can be sustained with an expenditure much 
below the average of other roads. 


IMPROVEMENTS. 


Since the junction of the two tracks a 
large force has been kept at work, bring- 
ing the road up to the Government 
standard. Between Wasatch and Ogden 
all the temporary bridges over large 
streams have been replaced with perma- 
nent structures, and the road has been 
fully ballasted. The temporary tracks 
are all abandoned. Between Bryan and 
Wasatch a heavy force has been preparing 
the foundations and putting in the 
masonry for permanent bridges over the 





large streams, and the superstructure is 
all on the ground. 

Large gangs have been at work on the 
road-bed ; the banks are widened, the cuts 
sloped, and now very little remains that 
is of pressing necessity. 

All grades ascending both eastward and 
westward can be reduced to 60 ft. per 
mile, except those over the three moun- 
tain ranges, should the commerce of the 
road demand it ; and, in many cases, by 
judiciously taking out cuts for ballast 
where sharp curves now occur, the curva- 
ture can be much ameliorated. 


MISSOURI RIVER BRIDGE, 


The Missouri River is now the only ob- 
stacle between the Atlantic and Pacific, 
and as the transfer is now made it is an 
unnecessary tax and annoyance to travel 
and traffic. The U. P. R. should receive 
all passengers and freight on the east 
bank, placing the transfer in the hands of 
one company and under one manage- 
ment. ’ 

The U. P. R., by law, has its terminus 
on the east bank, and its charter has been 
so drawn as to give it all the rights and 
privileges necessary to do this transfer by 
itself, or an agent, or by contract. 

It is an unnecessary tax to force four 
competing roads to each put in boats to 
do a business that one road can do for all 
four, and the cost of maintaining these 
four tranfers is sufficient to prohibit in a 
close competition a large amount of 
through traffic. 

The completion of the bridge at an early 
day is a necessity, and our experience is 
now such that we can push the work at 
almost any rate of speed directed. 

To avoid filling our columns dispropor- 
tionately, we have prepared the following 
abstracts of several valuable tables con- 
tained in the Report: 


BUILDINGS, SIDINGS, ETC. 


Of the 150 points on the road at which 
these buildings have been erected, 100 
are stations, and 50 have merely section 
houses, tool houses, windmills, ete. The 
structures are as follows : 
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Watch Houses 6 
Tank Master Houses 2 
Bridge Master Houses 1 
Tank Engine Houses 4 
Baggage Houses.... 
Warehouses 

Pump Houses 
Battery Houses 

Ice Houses 

Oil Houses 

Bridge Houses. 
Wood Pile Houses... 
Agents’ Houses 
Machine Shops 
Blacksmith Shops, . . 
Car Shops. 

Repair Shops 

Car Repair Shops... 1:| Windmills 50 


The amount of side track is 472,547 ft. 


—89.5 miles; the total length of line, 
1,085.875 miles. Of this total 


THE GRADES 
are as follows: 


Paint Shops 

Founderies. 

Telegraph Offices ... 10 
Civil Engineers’ Offi- 


ces 
Tank Master's offices 1 
| Offi 15 


a 


1 


DI 0.045080 ness 
Hotel Wings 
Sleeping Rooms.... 
3|Company Stores.... 


7 
2 





Miles. 
200.47 
325.17 
116.03 

162.498 


40 to 60 ft. 
60 to 80 ft. 


Ascent 
80 to 90 ft, i —. 


THE ALIGNEMENT 
is as follows : 


0.952 
12.971 
0.53 
5.292 
887.458 
198.420 


Length of Tangent.................- as 
Length of Curve 

Degree of Curvature, right 

Degree of Curvature, left 


Total Curvature 24,144.61 


BRIDGES, CULVERTS, AND TRESTLE-WORK. 


The total number of these structures 
was, at the date of the Report, 1,402,—ag- 


gregating 69,281} ft. or 13), miles. Of 
these, 41 were Howe truss, 10,070 ft. ; 10 
strain beam bridges, 420 ft. ; 3 Post truss 
do., 485 ft. ; 2 Post combination do, 890 
ft.; 376 trestle, stone abutments, 30,385 
ft.; 74 trestle, on pile, 6,228 ft.; 223 pile 


‘9 | bridges, 16,731 ft.; 40 stringer do., 591 ft.; 
1| 49 stone arch culverts, 571 ft.; 373 stone 
| box do., 817 ft.; 20 wood box do., 374 ft. 


59 open stone do., 372 ft.; 132 open wood 


1 | do., 1,684 ft. 





| 
| (\onpensep History or Sream.—About 

) 280 years B. C., Hiero, of Alexandria, 
formed a toy which exhibited some of the 
powers of steam, and was moved by its 
power. A. D. 450, Anthemius, an archi- 
tect, arranged several caldrons of water, 
each covered with the wide bottom of a 
leather tube, which rose to a narrow top, 
with pipes extended to the rafters of the 
adjoining building. A fire was kindled 
beneath the caldrons, and the house was 
shaken by the efforts of the steam ascend- 
ing the tubes. This is the first notice of 
the power of steam recorded. In 1543, 
| June 17th, Blasco D. Garay tried a steam- 
boat of 209 tons with tolerable success, at 
Barcelona, Spain. It consisted of a cald- 
ron of boiling water, and a movable wheel 
on each side of the ship. It was laid aside 
as impracticable. A present, however, 
was made to Garay. In 1650, the first 
railroad was constructed at Newcastle-on- 
Tyne. The first idea of a steam-engine 
in England, was in the Marquis of Win- 
chester’s “History of Inventions,” A. D. 
1663. In 1710, Newcomen made the first 
steam-engine in England. In 1718, pat- 
ents were granted to Savery for the first 
application of the steam-engine. In 1764, 
James Watt made the first perfect steam- 
engine in England. In 1763, Jonathan 
Hulls set forth the idea of steam naviga- 
tion. In 1778, Thomas Paine first pro- 
posed this application in America. In 
| 1781, Marquis Jouffroy constructed one in 
|Saone. In 1785, two Americans published 
|a@ work on it. In 1789, William Tyming- 
|ton made a voyage in one on the Forth 
jand Clyde Canal. In 1802, this experi- 
ment was repeated. In 1782, Ramsey 
propelled a boat by steam to New York. 
In 1783, John Fitch, of Philadelphia, 
navigated a boat by a steam-engine on the 
Delaware. 1n 1793, Robert Fulton first 
began to apply his attention to steam.— 
The Iron Age. 
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THE STRENGTH OF ROLLED SECTIONS OF IRON. 


From ‘: The Engineer.’’ 


There is obviously a limit at which it 
becomes more economical to employ a 
‘ solid section of rolled iron than to “build 
one up,” as it is technically termed ; but 
where that limit is to be found engineers 
are by no means agreed. Some even con- 
tend that under all circumstances a built- 
up section is to be preferred, while others, 
on the other hand, advocate the adoption 
of the “joist” under conditions cf span 
and load for which it is certainly not 
adapted. Without the slightest intention 
of attempting to act as an arbitrator in 
the matter, it may be stated that there is 
an ambiguity attending the calculation of 
the strength of all rolled sections of iron 
from which the built-up type is compara- 
tively free. Let us select as a commen- 
cing example a rolled joist and a built-up 
one having the same depth, span, and the 
same net area of bottom flange. If the 
breaking weight be calculated, and the 
same constant used, the two beams will 
be equally strong; but what a relative 
disproportion exists in the two webs! 
Owing to the practical exigencies of the 
rolling process it is impossible to make 
the web of the one approach in thickness, 
or rather thinness, to that of the other. 
It is also true that, in instances in which 
the span and load are small, the web of a 
plate beam must, at least in the central 
portion, be in excess of the theoretical 
shearing strain upon it ; but the discrep- 
ancy is slight compared with that of a 
rolled joist under similar conditions. Sup- 
posing, however, that we have an example 
where the web of the built-up or plate 
beam is not more in excess of its theoreti- 
cal requirements than what always attends 
the reduction of theory to practice. In 
the rolled beam intended for the same 
weight and span the area of the web will 
very much exceed that of the plate girder. 
How is this increase of area to be allowed 
for? The thicker the web evidently the 
greater the strength of the beam, although 
the increase of strength will be nothing 
like what might be perhaps anticipated. 
It must not be forgotten that there is very 
little use in accumulating material at or 
near the neutral axis. In other words, it 
is not in the web, but in the flanges, the 
metal is most serviceable, since its moment 





of resistance is in direct proportion to its 
distance from the neutral line. Theoreti- 
cally, the web is regarded as imparting no 
element of strength to the girder, but has 
its influence confined to two points. The 
one is to possess sufficient stiffness to keep 
the flanges apart, and the other to be suf- 
ficiently strong to support its own shear- 
ing strain. Compared with the strain 
upon the flanges, this duty is very light, 
as will be seen by selecting an example. 
Suppose a girder to have a span of 100 ft., 
a load per foot run of one ton, and a 
depth of 8 ft. For a girder of this size 
the web would be double, and the maxi- 
mum normal strain upon each end at the 
abutments would be 25 tons, whereas that 
upon either flange would be 156.25 tons. 
It might be argued that a rolled joist 
may be regarded as a solid beam with a 
part cut out, and so it might; but this 
view lessens neither the ambiguity nor un- 
certainty of the calculation. Some en- 
gineers do treat rolled joists in this man- 
ner, but there are no data in theory nor 
experiments in practice to prove the con- 
clusiveness or the soundness of such 
treatment. It is impossible, with the 
present limited and scanty information we 
possess, to be able to estimate what pro- 
portion of the area of the web acts as a 
solid beam, and ought to be estimated as 
such. Evidently the whole area ought 
not to be included in the calculation, for 
a part of it is absolutely necessary to main- 
tain the relative connection between the 
flanges, and it is on that assumption that 
their own strength is estimated. If two 
separate calculations be made, one for the 
strength of the flanges, and another for 
that of the web, and the total net area of 
the web be included in the latter, then 
part of it is estimated twice over. It is 
not to be understood that it has actually 
been included numerically in the formula, 
but that it has virtually been allowed for. 
Should it be argued that it has not, then 
we have the astonishing problem of a flange 
of a beam supporting a heavy strain with- 
out any web at all. The whole difficulty 
arises from the fact of considering a rolled 
joist as a girder of compound parts, in 
which the total strength consists of the 
separate resistances of the flanges and web. 
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That they do mutually assist one another | some more reliable data and information 
there is no doubt ; but it is impossible to , is at our disposal the influence of the ad- 
draw the line of demarcation, and to tell ' ditional thickness of the web of a rolled 
where the action of one ceases and that of | beam may be cautiously allowed for by 
the other begins. The advocates of the | assuming a higher constant than that used 
solid-sided or plate system of girder allege | for the plate or lattice girder. The value 
that the continuous web relieves the flanges | of this constant might be safely taken to 
of as much as one-sixth of their longitudi-| be equal to 80, which supposes that no 
nal strains ; but this is doubtful. With-| flexure can possibly take place in the web 
out venturing upon such extreme state-|—a condition that cannot be asserted to 
ments, the part played, or supposed to be | be always fulfilled in either a lattice or a 
played, by the web, when of extra thick-| plate girder. The effect of any appreci- 
ness, in assisting the flanges, might be | able deflection or yielding taking place in 
allowed for by adding some of its area to| the web upon the flanges is to bring a 
that of the bottom flange in the formula, | transverse strain upon them, which they 
and thus virtually calculating the strength are not adapted to resist; and, consequent- 
of the beam as if it had a bottom flange ly, whenever there is a chance of this, the 
of a greater area. Unfortunately, the | constant must be lowered in value, or the 
unknown quantity in this simple equation breaking weight, and thence the actual 
is the amount of web area that should | weight or working load, will be in excess 
be included in it; and as this must be | of the strength of the structure. Some 
known before the equation can be solved, | reliable experiments are really required, 
the solution is, practically, not deter-| carried out with a view to determine the 
minable. | actual difference in the breaking weights 

When once a rolled beam is considered | of rolled and built-up sections of iron, so 
in the light of a simple flanged girder, all | that the value of the additional thickness 
uncertainty respecting its ultimate strength | in the web might be accurately ascertained. 
vanishes. We know that its strength can | The span, load, depth, and net area of 
never be less than that calculated upon | flanges being the same, the discrepancy 


| 


the above assumption, since the extra| between their breaking weights, if any, 
thickness given to the web may strengthen | could always be allowed for by deducing 


but can never weaken the flanges. Until! the corresponding constant. 





ON SHIP BUILDING. 


From ‘‘ The Scientific Journal,” 


At a meeting of the institution of Naval 
Architects of London, on the 17th ult., 
& paper was read on the “ Load-draughts 
of Merchant Ships,” by Mr. W. W. Run- 
dell. The proper draught for a merchant 
vessel, said the author, is not a question 
to be determined in the first place by 
science, but by experience. Science may 
lend her aid in generalizing and defining 
the results of experience, but must un- 
hesitatingly accept the dicta of those whose 
position and practice make them the real 
arbiters of the question. The naval archi- 
tect and ship-builder must bow, like 
others, to the decision of these experts. 
The load-draught cannot be arbitarily 
fixed by the naval architect. Lloyd’s rule, 
three inches to the foot depth of hold, or 





the scale of the Liverpool underwriters, 
may be quoted ; but these blind no one 


Lloyd’s rule was a suggestion only, and 
it was made when iron ships were just 
being talked of, and when few ships ex- 
cept East India men, exceeded 700 or 800 
tons, and it has never been recognized by 
Lloyd’s Committee, except as an approxi- 
mate guide for the loading of certain 
classes of vessels. The Liverpool scale is 
intended only for first-class vessels, and 
is subject in all cases to the judgment of 
the surveyor, who is influenced by the age 
and class of a vessel, its general propor- 
tions, the intended voyage, the nature of 
the cargo, and other circumstances favor- 
able or otherwise. The experts who prac- 
tically rule in these matters are certain 
surveyors more or less intimately con- 
nected with the underwriting bodies, and 
who, if not practically appointed by ship 
owners, have secured their confidence. 





650 


VAN NOSTRAND’S ENGINEERING MAGAZINE. 





Their great experience enables them to 
judge very closely as to the draught of 
water at which a ship begins to damage 
her cargo or become otherwise unsafe. 
Wooden vessels are now passing away, 
and iron sailing ships are being largely 
superseded by steamers. Iron sailing 
vessels will in future be chiefly employed in 
long voyages, and new ones will probably be 
oflarge size. Asregards iron vessels, there- 
fore, considerations depending on their 
age, the nature of the voyage, the season of 
the year, as affecting their load-draught, 
may be omitted nearly altogether. Con- 
siderations arising from the kind of cargo 
may also be omitted, as it is generally 
acknowledged that with proper care, and 
by incurring the expense necessary for 
making good stowage, any proportion of 
dead weight may be safely carried. There 
remain only those conditions which relate 
to form and proportion, and these, I sub- 
mit, are sufficiently represented by adopt- 
ing the customs measurements and regis- 
tered tonnage. Thesuggestion that ,3,ths 
of the whole displacement is a proper 
proportion for buoyancy was made years 
since by Mr. J. Jordan. The author then 
proceeded to refer to various tables bear- 
ing on the subject of his paper ; and allu- 
ding to the requirement of more free sides 
for large wooden ships than for small 
ones, he said that the reasons assigned 
for it were not applicable to iron ships. 
Large iron ships can be as strongly built 
as small ones. There can be little objec- 
tion to the ,4,ths displacement scale for 
ascertaining when a sufficient quantity of 
cargo has been placed on board a vessel. 
But it makes no allowance for extreme 
length, or for the length and character of 
the waves she may encounter. The sur- 
veyors state the extreme length in propor- 
tion to a vessel’s other dimensions, must 
be considered; but, so far as I am aware, 
they have not defined to what extent. 
Like the surveyors, I have not come to 
any difinite conclusion on the subject, but 
wait for better instructions. Like other 
scales, which point out with more or less 
exactness what is the proper load-draught 
for a vessel, they leave us in ignorance as 
to what amount of departure from it will 
render a vessel relatively unsafe or practi- 
cally unseaworthy. After some observa- 
tions as to the desirableness of some mode 
of ascertaining the point at which a ship 
becomes dangerously laden, the author 





concluded by the following practical sug- 
gestion: Let a round spot 9 in. in dia- 
meter, be conspicuously painted on every 
vessel over 300 tons register on each side, 
midships, at a point through which a 
horizontal plane would pass, which would 
cut off the upper one-fourth of the vessel’s 
registered tonnage when she is on an even 
beam. This would be useful in indica- 
ting pretty accurately when the ,4,ths of 
the whole vessel are out of water. In 
vessels of about 500 tons this mark should 
be fully its own diameter above water. 
In vessels of 750 tons it would be two dia- 
meters above water, in larger ships two 
and a half diameters. Here one kind of 
instrument would be needed to make the 
observation. If the spot were very near 
the surface of the water the ship would 
certainly be very fully laden; if it touched 
the water she would be very deeply laden; 
if immersed or out of sight she would be 
dangerously laden. This would not hurt 
the ship-owner in any way. The proposed 
mark would indicate a fact, not an opin- 
ion. 

Mr. Laport was of the opinion that no 
fixed rule could ever be satisfactorily used 
and applied to vessels of all descriptions. 
The strain upon a vessel in a sea way de- 
pended a great deal more upon the dis- 
position of the cargo within the ship than 
the actual weight in reference to the ca- 
pacity of the ship and amount of free 
board. An instance came to his notice in 
which a vessel was about to sail, when the 
captain discovered she was not laden to 
the proper line, so as to develop her best 
sailing capacities. He therefore placed 
7 tons of lead in the extreme part of the 
stern, and so brought her to the right 
position. When such a vessel got to sea 
those 7 tons of lead would produce a 
blow as of a tremendous hammer at the 
stern of the ship, and would almost be 
destructive of an old or improperly con- 
structed vessel. Another thing which 
would milita‘e against the adoption of 
any ordinary rule was that in some ports 
through which a river runs, vessels were 
borne by fresh water, which weighed 62 
lbs. to the cubic foot; but at sea the water 
weighed 64 lbs. to the cubic foot. Thus if 
an arbitrary rule would unjustly press 
upon ships loading in such a port as Sun- 
derland, as compared with Liverpool, 
where the buoyancy of the water was 
greater, the discharging part of the cargo 
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when a vessel was overloaded was not 
always beneficial, and it might disturb 
the proper arrangement of the cargo. 
The captain might be obliged to take it 
out where he best could, and thus the 
vessel might be rendered unsafe. One of 
the reasons why vessels at present were 
so overloaded was, that at Manchester it 
was customary, in order to economize 
freight, to press the goods to such an ex- 
tent that they really ought to be estimated 
as dead weight. No account had been 
taken of this matter as connected with 
steamers in the paper. When a steamer 
started, particularly if she carried the 
whole of her coals, for a long voyage, she 
starts with a certain load drag arbitrarily 
fixed and insisted upon by Lloyd’s sur- 
veyors. She might be a vessel to burn 
upwards of £50 per day; thus each 
day’s consumption would lighten her to a 
considerable extent. Was this variation 
not to be taken into account, and an arbi- 
trary rule to be fixed for all vessels, 
whether steamers or sailing vessels? 
Other points must be considered, such as 
the time she had existed, and what mate- 
rial she was formed of. If it was an iron 


ship, every year a certain amount of oxi- 


dated matter would be shelled off, and 
imperceptibly her plates would become 
thinner and thinner; so her intrinsic 
strength to discharge her duty became 
less and less. Was there an iron vessel 
which was registered at Lloyd’s, of a cer- 
tain class, for twenty years, after nineteen 
years of sloughing off her strength, to be 
loaded in the same way and to the same 
extent as when she was first registered ? 
Was a vessel built by Messrs. Wigram or 
Mr. Samuda to be put in the same cate- 
gory with others pitchforked together by 
some little ship-builder? The best guar- 
antee, after all, on which the public could 
rely, was the character of the owners, 
and builders, and insurers of a ship. 

Mr. J. Dudgeon said some years ago he 
built a steamer for trading in the North 
Sea, but subsequently found she was too 
shallow; that if a heavy cargo was put in 
her the upper deck would be too near the | 
level of the sea. He therefore heightened | 
her 7 ft. 6in. After he had done this he | 
still found she was not deep enough, and 
he put a full poop into her upper deck, 











and a year or two afterwards a new fore- 
castle, and she was now one of the finest 
ships that ever went to sea. With the| 


materials at present at command, vessels 
might be made as high out of -the water 
as any one wished, so that it would be ab- 
solutely impossible for water to come on 
board. No iron ship should be built in 
any other way than with the bottom suffi- 
ciently strong to carry the whole of the 
superstructure, while the superstructure 
was in the nature of a house with a roof 
to it. The moment this point was arrived 
at, the question of vessels foundering at 
sea would be forever put at rest. On the 
29th of December, four years ago, five 
ships left the same port, one of them 
being the vessel he had altered in the way 
he had described, and that was the only 
one of the lot ever again heard of. The 
reason that one escaped was because she 
was built 7 ft. higher out of the 
water, and in the violent gale in which 
the others perished, instead of lodging on 
top to the weight of hundreds of tons, 
passed off her decks. The other vessels 
were laden with iron above the water 
where it was not required, instead of at 
the bottom. Yet this was the only vessel 
out of the five that could not be ciassed 
at Lloyd’s. He believed in a few years 
the absurd regulations now enforced by 
the various societies would all be done 
away with. No force of wave would pene- 
trate a plate of iron one-eighth of an inch 
thick. Until these sensible views were 
adopted no good would result. Another 
point requiring attention was the steerage 
power of our vessels, which, as a rule, 
was not so good as it ought to be, our 
method of applying the power of the 
rudder, especially in single screw steam- 
ers, not being quick enough to meet the 
necessities of the sea. 

Mr. C. H. Wigram thought as the proposed 
variation was so small as not to amount to 
more than 3 or 4 in. with a depth of hold 
of 28 ft., it would only be complicating 
matters to depart from the present under- 
stood rule. The proposed line would be 
useless as applied to steamers which 
rapidly varied their draught of water, 
while it was an admitted principle by all 
surveyors that steamers might be loaded 
deeper thaz sailing vessels. The way the 
cargo was stored was really of much more 
importance than the free board. Some 
years ago a ship laden with an enormous 
quantity of railway iron stored in bulk 
and carrying emigrants, got into very bad 
weather and was compelled to put into 
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Cork, her topmasts having been carried 
away. Instead of discharging any of the 
cargo the captain altered the position of 
the iron, brought it up from hold, and put 
it under the berths between decks. This 
so steadied the ship that she made a very 
quick and safe passage to New York. Too 
little attention was at present paid to the 
stowage of a vessel. A ship was chartered 
by a certain broker, his object being to 
get as much into her as possible, and as a 
rule his stevedore stored the cargo with- 
out any reference to the wishes of those 
who managed the vessel. An owner who 
allowed such a practice to prevail in re- 
gard to his vessels could not justly com- 
plain if he met with misfortune. With 
regard to what had been said about the 
depreciation of iron ships, it happened 
curiously enough that this year the Indus, 
which was one of the first iron vessels, was 
cleaned and the inside paint taken off the 
plates, and although she had been built 
over 22 years, there was no appreciable 
diminution in the thickness. 

Mr. ©. Henwood thought the load- 
draught was a matter which ought prop- 
erly to be fixed by naval architects. He 
did not see much difficulty in settling the 
load line, but he was quite sure it could 
be done by taking the total capacity, or 
the length or breadth of a ship, as the 
basis. He had never heard any reason, 
however, why it should not be determined 
from the displacement only. A margin 
of 25 per cent. of the total displacement 
might be given for buoyancy for cargo 
ships, and 50 per cent. for passenger 
ships. Free board, as a matter of safety, 
was not of great importance, although of 
course lofty decks were more comfortable 
than low ones. He approved of the sug- 
gestion made by the council of the Insti- 
tution, that certain papers should be sup- 
plied to the captain of a ship, giving the 
profile and 1 or 2 sections of spaces. If 
the centre of gravity of those spaces in 
relation to the centre of gravity of the 
ship were recorded on those sections, the 
stevedore would have a point to start from 
in filling up the hold. 

Captain De Horsey said it appeared to 
him that the great merit of Mr. Rundell’s 
system was that it did not lay down any 
dogmatic rule applicable to all ships. Of 
course, the load line of ships must vary 
considerably according to her age and the 
trade she was engaged in. No rule 





could be stringently applicable to a pas- 
senger vessel and toa collier. The sys- 
tem which had just been proposed would 
simply fix the spot representing one-quar- 
ter of the displacement, leaving it free to 
have the load line so much above or so 
much below that spot for each particular 
ship. 

Mr. Samuda, M.P., said, although he 
did not agree with that part of the report 
of the committee on this subject which re- 
commended that certain things should be 
made imperative upon the public, he 
did not by any means think the question 
should be shelved, or put on one side, on 
account of its difficulty. Although an ab- 
solute solution might never be arrived at, 
a great deal more might be learned upon 
the subject by future investigations, so as 
to guide and direct each individual who 
might be responsible for carrying out any 
of the plans recommended. He thought 
good might be effected if construc- 
tors of vessels were compelled to 
take the responsibility of pointing out 
with every ship leaving their yards the 
maximum point at which they would re- 
commend it to be loaded, without making 
it absolutely obligatory upon the persons 
who accepted the vessels to follow those 
recommendations. No doubt great diffi- 
culties would have to be encountered in 
attempting to carry out such a plan. It 
would involve an elevation in the position 
of those who would be responsible for 
giving their recommendations to their 
clients, which their clients were not at the 
present moment disposed to recognize. 
The imposition of an imperative law, 
which should allow no variation in any 
way, would be very likely to result in 
doing exactly the reverse of what they 
most desired, and would lower the amount 
of information, and prevent the useful ap- 
plication of the knowledge of naval archi- 
tecture. Their object should be to acquire 
and disseminate a much more general in- 
formation as to the course to be followed 
by ship-owners, and not at such an early 
stage to restrict by legislative enactments, 
or to draw a hard and fast line for the 
guidance of all. 

Mr. Scott Russell said if a customer re- 


quired an unsinkable ship any good build- 
er could build one ; but if this plan were 
generally adopted what would become of 
insurance brokers and other persons of a 
similar occupation? He had such a faith 
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in iron and such a contempt for water 
that he felt it was quite possible to build 
vessels that nothing could sink. When a 
ship is delivered by the builders part of 
the papers should consist of plans and in- 
formation for the captain as to the stow- 
age, the centre of gravity, the stability, and 
the surplus and margin in a ship. It 
might be required as a portion of the pre- 
liminary examination of the captain before 
getting his certificate, that he should be 
able to intelligently use those plans. 

Mr. W.N. Fenning said it was a lament- 
able fact that losses of vessels had been 
very much more frequent during the last 
three or four years than during the pre- 
vious fifteen or twenty years. Many of 
those vessels, too, were what ought to 
have been fine vessels in which the public 
could place reliance. He was perfectly 
convinced that overloading was the cause 
of an immense proportion of these losses, 
and until this subject was dealt with ina 
straightforward manner, the evil would go 
on increasing. There were ship-owners 
and ship-builders against whose ships not 
a word could be said ; in fact the vessels 
of one firm could be insured in Australia 


20 per cent. less premium than any other 


vessels afloat. An owner who inspired 
such confidence in the public and the un- 
derwriters could not suffer by any proper 
investigation of this subject ; he wonld 
rather benefit by any law against over- 
loading, because the premiums on all ves- 
sels would be lowered. The loss of life 
by the present want of definite rules was 
also very terrible. The objection to a fixed 
rule based on the different buoyancy of 
fresh and salt water might be met by 
making an allowance for the difference. 
Steamers should not be overloaded on the 
chance of meeting with fair weather until 
a quantity of coal had been consumed to 
lighten them toa proper load-draught. If 
any committee were appointed to inquire 
into this subject, practical men, members 
of the different insurance companies, mem- 
bers of Lloyd’s, should form part of that 
committee. 

Mr. Rundell, alluding to an expression 
of opinion which had fallen from the chair- 
man yesterday, said Mr. Inman had up- 
wards of £50,000 interest in the City of 
Boston uninsured, while he had spent at 
least £100,000 more in searching for the 
missing vessel. Replying to the objections 
made to his proposed system he said that 





he had regarded the smallness of the dif- 
ference between the scale of three-tenths 
displacement, and the scale for Lloyd’s, as 
one of the merits of the proposal. It ap- 
peared to him a most extraordinary 
remark that it would be easy to fix the 
proper draught for a vessel quite inde- 
pendently of the free side. If the ship 
were a ‘parallelopiped, then the ratio of 
the depth of the box would be a very fair 
indication of the proportion that should be 
above water, and if it were proposed to 
have } above water, of course } of the 
lineal depth would be the exact amount, 
and he could not see how } of a vessel 
could be kept above water irrespective of 
the depth of the side. Although there 
might be conditions requiring t'iat the 
length be considered, depth appeared to 
be the first element taken into account. 
The application of his system to steamers 
had not escaped his notice, but the short- 
ness of the time allotted to a paper pre- 
vented his discussing that point. The 
distribution of the weight of cargoes did 
not affect the draught. 

The chairman explained that he had not 
intended to say anything offensive or in- 
jurious to the Messrs. Inman. In his al- 
lusion to the City of Boston, he merely 
expressed his opinion that the agent in 
Halifax, who had contradicted the report 
that the vessel was overladen, was the 
person who had the strongest interest in 
maintaining such a view of the case. Re- 
turning to the more immediate subject of 
discussion, he said it would not do to rely 
always on the character of the owner, the 
baibiee, and the captain, as suggested by 
Mr. Laport, for those persons frequently 
differed in their views. Captains were 
frequently prevailed upon against their 
better judgment to overload their vessels, 
but if they would all take a firm stand, 
and act according to their own knowledge 
of the capabilities of their ships, the num- 
ber and frequency of casualties by sea 
would be very considerably diminished. 
A public man, when he took up a great 
subject, had no business to look to the 
right or to the left ; he should regard only 
the safety of the public, and he did not 
hesitate to say that ship-owners and 
ship-builders were not free from the infir- 
mities of human nature. Great exertions 
must constantly be directed to the re- 
straint and tendency in human nature to 
self-interest, and for the safety of the pub- 
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lic, that restraint was as beneficially exer- 
cised when imposed upon owners and 
builders of ships, as when imposed upon 
any other class of society. Those who set 
an example to the rest of the profession of 
attending to the proper construction and 
sea-going qualities of their vessels, reaped 
their reward, in the fact that they could 
insure their ships upon more favorable 
terms than other persons. It would not 
be right to disregard the loss of property, 
the frightful loss of life, and the loss of 
national character resulting from such an 
astounding catalogue of casualties as that 
which they had heard during the past few 
months. He perfectly coincided with Mr. 
Fenning, that many of these had occurred 
from the fact that ship-owners had yielded 
to the temptation to load their ships 
deeper than was safe. The ship was fre- 
quently loaded to the extent the ship- 
owner thought she ought to be, looking to 
the whole voyage she is to make, and then, 
in addition to that the coal is added. 
That such was the case was shown by a 
number of instances in which the casual- 
ity had occurred within a very few hours 


after leaving the port. 





OBITUARY, 


Died, on the 27th of April, at Belmont, Mass., by his own 
hand, Zeran CoLpury, ‘The funeral took place in Lowell, 
Mass,, on May 4th. 

Besides his wife and daughter, and other rela- 
tives, there were in attendance such members of 
the engineering profession as were aware of his 
decease, and could accommodate their engage- 
ments to the short notice given. Among them 
were Mr. J. B, Francis, Mr. John Souther, Mr. 
Geo. Souther, Mr. John A. Haven, Mr. John C. 
Hoadley, Mr. A. L. Holley, Mr. John B. Winslow, 
Mr. L. B. Tyng, Mr. E, H. Barton, and Mr. Wm. 
Burke. Hon. Wm. J. McAlpine and others at- 
tempted to be present, but were prevented by the 
shortness of the notice. 

The following account of his brief but brilliant 
eareer is from the pen of his former associate, Mr. 
A. L. Holley, contributed to the “New York 
Times” :— 

The name of Zerah Colburn is known to the 
engineers of all countries where professional liter- 
ature exists, and his writings are perhaps more 
various in scope, and more vigorous in practical 
treatment, than those of any other member of his 
profession. In his death engineering sustains an 
irreparable loss, 

Mr. Colburn was born in Saratoga, N. Y., in 
1832, and was named after his uncle, the cele- 
brated mathematician. His father died soon after, 
and his mother, very poor and infirm, removed to 
New Hampshire, where, during his boyhood, 
young Colburn earned his living onafarm. His 
early means and opportunities for acquiring an 





education were limited to a few months’ attend- 
ance ata district school, a short clerkship in a 
factory, and such books as he could find in a 
remote country village. But his industry and his 
wonderful memory more than made up to him 
then, and throughout his life, his want of early 
advantages. From an odd volume of the old 
‘* Penny Magazine” he gained a knowledge of the 
world and an inspiration to see and figure in it, 
which all educational appliances fail to give the 
average boy of the period. At the earliest possible 
moment, young Colburn left the wilds of New 
Hampshire and struck out for civilization, and he 
kept moving until he finally settled down in its 
midst--in London. His first sight of a city, and, 
what was a greater thing to him, a locomotive, 
was at Concord. The strong but hitherto unde- 
veloped mechanical talent in him at that sight 
asserted its proper place, and the locomotive was 
ever after his chief study, and the subject of his 
best conclusions and ablest writings. 

He soon after, as he found means for support, 
removed to Boston. His first literary attempt was 
in verse for the ‘‘Carpet Bag.” His professional 
career commenced on the Concord Ruilroad,‘ 
under the late Charles Minot, then its manager, 
who was attracted by tke brightness and practical 
ideas of this singular youth. In a few months 
Colburn had mastered the anatomy and physiology 
ot the locomotive engine, tabulated the dimensions 
and proportions of those under his observation, 
apd published a small, but excellent and still 
useful, treatise on the subject. He then got a 
subordinate position, and soon rose to the super- 
intendence of the locomotive works of Mr Souther, 
in Boston. Here he tabulated and committed to 
memory (an easy task for him) the dimensions of 
all parts of the then standard locomotive, and the 
cost of all the materials and labor employed in its 
construction. With the exception of a few months 
at the Tredegar Works, at Richmond, where, in 
connection with Mr. Souther, he started the manu- 
facture of locomotives, Mr. Colburn then made 
New York his head-quarters until 1858. His more 
important professional work at this time was his 
superintendence for a year or more, of the New 
Jersey Locomotive Works at Patterson, during 
which engagement he made some improvements, 
still standard, in the machinery of freight eugines. 

Although eminently fitted for the munugement 
of practical construction, Mr. Colburn eariy tound 
that the literature of engineering was his true 
calling. He therefore joined the “ Kailroad 
Journal ” of this city, in which, professional readers, 
soon recognizing the hand of a master, began to 
look for a new era in technical journalism. And 
they were not disappointed. In 1854, Mr. Colburn 
started, in New York, the ‘‘ Railroad Advocate,” a 
weekly, devoted especially to the machinery of 
railroads, and addressed chiefly to the master 
mechanics, and the more intelligent operatives. 
The next year he enlarged the ‘* Advocate,” which 
soon reached a large circulation and great popula- 
rity, not only among railway mechanics, but 
among the profession at large. It is worthy of 
mention, as illustrating Mr. Colburn’s extraordi- 
nary power of memory, that he kept no books for 
many months, but simply remembered when every 
subscription and advertisement fell due, and 
made no mistakes. 





* Mr. Colburn strictly commenced his professional career at 
the age of 15, at the Lowell Machine Shop. 
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In the summer of 1855 Mr. Colburn thought he 
saw, in his large and favorable acquaintance 
with railroad men, the way to a fortune in the 
business of railroad supplies. He therefore sold 
the ‘‘ Advocate” to Mr. A. L. Holley, then drafts- 
man of the New York Locomotive Works, bought 
land warrants with the money, journeyed to Iowa 
and located his lands, and then returned to New 
York—but with another scheme. The frontier 
life had temporarily charmed him, and he got 
together an engine and machinery to set up a 
steam sawmill in the far West. But before his 

lans were completed, literature and civilization 
had resumed the mastery, and he fell to writing for 
the ‘‘ Advocate,” because he could not help wri- 
ting, and to arranging his supply business. The 
first thing —and the last—that he undertook in this 
direction was Ames's tiers, and with his knowledge, 
industry, shrewdness, and his advantages with the 
professional press, he kept the hammers at Falls 
Village busy day and night building up an im- 
mense business, which, unfortunately, the char- 
acter of the tiers did not maintain. 

But Colburn was not made for a merchant. He 
— for larger professional observation and 

nowledge, and for a wider field. As suddenly as 
he went into trade he left it, and sailed for Europe, 
During a three months’ stay or rather rush among 
the machine and iron works of England and 
France, whereof the story is recorded in the 
** Advocate,” and is of permanent value, he had 
become again and finally wedded to literature. 
Returning to New York, he connected himself 
again with the ‘‘Advocate,” which was then 
enlarged and entitled the ‘‘ American Engineer.” 

In the autumn of 1857, Messrs. Colburn and 
Holley were commissioned by several leading rail- 
road presidents to visit Europe to report on the 
railway system and machinery abroad, and in 
view of the financial troubles of 1857, they were 
advised to stop, at least temporarily, the publica- 
tion of their paper. 

Permanent-way and coal-burning locomotives 
were found to be the most important subjects of 
the period, and in 1858 their report on these sub- 
jects, largely illustrated by engravings, was pub- 
lished and generally circulated among American 
railway managers. 

Mr. Colburn’s thorough and, to American 
readers, entirely new and startling analysis of the 
cost and economy of British railways, was the 
foundation of many of the reforms that have since, 
although slowly, become standard here, especially 
in the matter of improved road-bed and super- 
structure. The success of this book was such 
that its authors determined to continue their 
researches, and in the fall of 1858, Mr. Colburn 
again visited London. Here he commenced wri 
ting for the ‘‘ Engineer,” then the leading profes- 
sional journal, and soon became its editor. Under 
his vigorous management it largely increased in 
circulation and influence. 

Mr. Colburn at this time wrote a supplement on 
the American Practice for a new edition of Mr. D. 
K. Clark’s work on the ‘‘Locomotive Engine.” 
After several years’ hard work in London, Mr. Col- 
burn resolved to start another engineering paper 
in America. He came out in the Great Eastern, 
on her first passage in 1860, and soon selected 
Philadelphia, the principal seat of mechanical 
engineering in this country, as the birthplace of 
his own “Engineer.” It was an excellent paper, 
and the few numbers published will have perman- 





ent value; but the time was not ripe, in America, for 
a publication of this kind, and Colburn, although 
he had learned to labor, had never learned to wait. 
In a moment of despondency he dropped his new 
enterprise, sailed for England, and again became 
the editor of the London ‘“ Engineer.” At this 
time he familiarized himself with the French lan- 
guage and professional literature. He also wrote 
several pamphlets on boiler explosions, heat, etc., 
the originality of which attracted great attention, 
and he commenced his great work on the locomo- 
tive engine. 

In 1866, Mr. Colburn started in London the 
publication of ‘‘ Engineering,” which is in all 
countries accounted the ablest and best serial pub- 
lication on‘that subject, and he dissolved his con- 
nection with it only a few weeks before his death. 

During his residence in London, Mr. Colburn 
was employed as consulting engineer on many 
important constructions, and prepared many valu- 
able papers in addition to his editorial labors. The 
more noted of these were his papers before the 
Institution of Civil Engineers (of which he was a 
member) on ‘Iron Bridges” and on ‘ American 
Locomotives and Rolling Stock,” both of which 
received medals. 

Mr. Colburn wrote vigorously, originally, and 
with understanding on all the leading subjects em- 
braced under the head of engineering. On the 
locomotive, the steam-engine and boiler at large, 
steam navigation, bridges, railway works, and 
mechanical engineering in general, he was a first- 
rats authority. 

The saddest part of Mr. Colburn’s story remains 
to be told. Overwork was at least a powerful 
agency in his early fall, and this, together with his 
natural impulsiveness and his habitual irregularity 
in relaxation, as well as in work, drove him within 
a few months into partial insanity. He came to 
this country a fortnight since, avoided all his old 
friends, strayed away to a country town in Massa- 
chusetts, and there died by his own hand. 

Zerah Colburn was a man whom the profession 
could ill afford to lose. His thoroughly practical 
education in the work-shep, his extended observa- 
tion of engineering works, his intimate acquaint- 
ance with professional literature, his remarkable 
quickness of comprehension, his more remarkable 
memory,and his mechanical talent and inborn engi- 
neering ideas, combined to give him a distinction 
that no engineer in the world will deny him—the 
best general writer in his profession. 





TRON AND STEEL NOTES, 


eae Tron.—‘‘ If iron has done so much for 
us as a nation, and must continue to do for us, 
at the rate of $600,000,000, in 1900 A. D., have we 


done our duty to it? Certainly not; for we are 
making our iron much inferior to that made before 
this great development, and make it from the best 
ore inthe world. We are growing poorer yearly, 
even ifthe quality of our iron remain the same, us 
we exact greater burdens from it than it can bear, 
caused by the development of the country over a 
larger area, which demands higher rates of speed 
and heavier and longer trains on all our rail- 
roads. 

We now know that we have laid in the 52,500 
miles of railroad 4,725,000 tons, which every ten 
years must be re-rolled, based on English railroads 
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(but when based on some of the best railroads in | 


the United States, every four years, based on five | the United States is so enormous, and the field 


years’ experience), which (472,500 tons annually) 
at $75 per ton is $35,000,000, and that this ten 
per cent. is worn and 


By oxidation lost 

And a further cost in car wheels of... . 

And will lose, to re-roll, some $25 per 
Se cae eienn eh o+0—c0 ance tninse-ne 11,812,125 


1,250,000 


Annual loss to the railroads $16,562,125 


This loss in car wheels is based on their lasting 
5 years instead of 2-31, as they do on New York 
roads, viz., passenger, 1-58; freight, 3-04; and they 
carry a weight per wheel: passenger, 34 tons; freight 
1-47 tons, and allow one half tor old wheels. In 
1900 A. D., the annual loss will be threefold, $16,- 
562,125—based on population—and will double 
that, based on production of other articles of iron, 
making a total] loss of wear of iron to the nation of 
between $100,U00,000 and $200,000,000 annually. 
And this loss is made when we own the best ore 
in the world, caused by several reasons, chiefly by 
the purchasers demanding a cheap iron, not know- 
ing the value of iron, excepting as based on price, 
and the competition of the manufacturers againts 
each other.—Uommercial Bulletin. 


RON AND Sreet.—The following statement ex- 
hibits the quantities of the various kinds of iron 
and steel exported from Great Britain to the 
United States, during the two months ended Feb- 
ruary 28th, of the years 1869 and 1870, in tons of 
2,000 Ibs. 


pig and puddled 

bar, angle, bold, and rod .. 
railroad of all sorts 
castings . Bocce 
hoops, sheets, and boiler 

Pp 6,374.... 5,023 
wrought, of allsorts....... 1,830.... 1,745 


1869. 1870. 
13,814... .19,746 
9,480.... 7,125 
.» + 64,475 
109 


Tron, 
77 


78,963... .98,223 


-2,677... 1,680 


js Ratn0apD Inon.—The progress during 


the last sixteen years, in the production of 

American railroad iron, is indicated in the follow- 
ing table : 

Year. Tons. 

1854........108,000 

1855........138,000 

1856........180,000 

1857. 


Tons. 


++» +213,000 


Year. 
1862.... 
1863.... 
1864 





scoeess MOO 1 1000........ 580,000 


The production would thus appear to have in- 
creased last year to the extent of about 74,000 
tons, while the increase in the foreign supplies did 
not exceed 35,000 tons. These totals are, to some 
extent, of an approximate character, but still they 
may be accepted as substantially correct. They 
show that the Americans are themselves making 
great exertions to keep pace with the American 
demand for railway iron ; and if we compare the 
total American production of 1859 with that ef- 
fected last year, we shall see that enormous strides 





have indeed been made. Nevertheless, the area of 


opened out for American railway enterprise is so 
vast— 27,505 miles of line being either projected 
or in progress at the commencement of this year— 
that it seems difficult to suppose that the Americans 
will find it practicable for a considerably further 
period to dispense with European supplies of rail- 
way iron. The question is one of much interest to 
the English iron trade, but still it is not of over- 
whelming importance. Thus, while the exports 
of railway iron from Great Britain in the first 
eleven months of last year showed an increase, as 
compared with the corresponding period of 1863, 
of 300,325 tons, 29,519 tons only arose under the 
head of exports to the United States.— The Colliery 
Guardian. 





RAILWAY NOTES, 


aARRow GavGcE Raruway.—We gladly insert at a 

late moment for the present issue the following 
brief extra:t from a letter giving some account of 
successful working of a narrow-gauge railway at 
the Thomas Iron Works at Hokendauqua, Pa. The 
line was built to take away the cinders from the 
blast furnaces : 

“The road is 2 ft. 6 in. gauge, and is the same 
as when we used horse-power. The engines were 
built by Messrs. M. Baud & Co., at the Baldwin 
Locomotive Works, in Philadelphia. The steam- 
cylinders are 9 in. diameter and 12 in. stroke ; 
driving wheels 30 in. diameter with steel tiers 2 in. 
thick. In order to economize in recom, we ascend 
very rapidly to the tip or dump, and a portion of 
the road has a gradient of 4 ft. in 100 ft., or 211 ft. 
per mile. Our cinder cars are four-wheeled, weigh- 
ing when loaded 3 tons 5 cwt. gross ; wheels only 
16 in. diameter. The engines weigh, when ready 
for work with tank full of water, 8 tons. 4 cwt. 
gross. One of them will haul with ease up this 
gradient of 211 ft. per mile, 8 of the cinder cars, 
making an aggregate of 26 tons, and that with a 
boiler pressure of only 120 to 125 lbs. per square 
inch. 


MERICAN Ratiwars.—It appears that the addi- 
tion to the railway system of the United States 
during the past year was 6,588 miles, a total nearly 
twice as large as in any previous year. The first 
railway in America was commenced with 3 miles 
at Quincy, Massachusetts, in 1827, and the total 
length is now 48,860 miles, while there are 27,507 
miles projected and in progress, The State with 
the greatest mileage is Illinois, which figures for 
7,186 miles, and is followed by Pennsylvania with 
6,878, Indiana with 5,331, New York with 4,735 
and Ohio with 4,613. Californ‘a has already 2,307 
miles, and is far above some of the older States, 
such as Louisiana and Mississippi. The State with 
the least mileage is, of course, the small one of 
Rhode Island, which figures only for 131 miles. 
This account of length of roads does not include 
the second tracks with which most of the leading 
lines are — nor the sidings and turn-outs. 
These may estimated at 25 per cent. of the 
length of road, and are being added to yearly. 
Adding these ema tracks to the tabulated 
mileage, the total length of equivalent single track 
in use is about 60,000 miles, and adding to this the 
equivalent for the city passenger tracks, to nearly 
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65,000 miles. As regards works in hand it is stated 


that the new year opened with nearly 300 railroads 
in process of construction between Maine and Cali- 
fornia. These, it is estimated, when finished, will 
represent an aggregate of about 15,000 miles, and 
great efforts will be made to complete them all 
within the twelvemonth. Assuming the cost of 
building and equipment at $40,000 per mile, the 
expenditure will be six hundred millions of dollars 
for the year 1870. ‘‘ These figures,” itis remarked, 
‘‘are certainly startling, and may create in the 
minds of many a fear that the business may be over- 
done. In years past it was the custom to civilize 
and populate a section, and afterwards build rail- 
roads. But we see this principle entirely reversed. 
We now build railways and let the country grow 
up to them.— Engineering. 


mE Beveuan State Rarmways AND TELEGRAPHS. 
—A paper on the passenger traffic of the State 
railways in Belgium, with remarks on the tele- 
graphic system, by M. Corr-Vander Maeren, was 
read and discussed at the last meeting of the So- 
cial Science Association. From the statistics 
quoted in this paper, it appears that the total of 
the lines in working at the beginning of 1869, in 
Belgium, was in length 2,730 kilometres, or 546 
leagues (about 1,640 English miles), divided as 
follows : 


Worked by the State 
Worked by companies. ..... 


WR i cisiccneeacse ‘cehveladiies 2,730 


The amount of the capital which the Govern- 
ment had expended for the construction of rail- 
ways up to January 1, 1868, was together 2624 
millions of francs (about 10} millions of English 
pounds sterling). 

The cost of construction of the State railways 
amounts to 409,647 francs (about £16,400 per 
kilometre (or five-eighths of an English mile), di- 
vided as follows : 


Kilometres. 
. 862 
1,868 


Francs. 
Railway (the cost of the lines)....... 236,424 
Buildings, stations, etc me 
General expenses. ............006 «-. 8,665 
Rolling stock.... 96,795 


Total cost per kilometre 


Or at a cost of £26,200 per English mile. 
The general result of the working for the year 
1858, is as follows : 
Francs. 
NE II 0 50th beens serstes 38,318,509 
Total working expenses.......... 24,826,964 


ae errr ae 13,491,545 


Or about £540,000, 

These 134 millions of francs profit upon the 
workings of 1868 give 54 per cent. upon the whole 
capital expended upon the railways (say upon 2624 
maillions of francs). 

These figures show that the railways, which have 
done so much for the country, both in a political 
and economic point of view, have not only been 
self-sustaining, but that their general pecuniary 
result is a profit since their origin of nearly 57,- 
000,000 francs, about £2,280,000, including inter- 
est on loans, sinking-fund, and all incidental ex- 


penses. 
The lowest rates of tariff have been found to be 
Vou. IL—No. 6—42 


the most productive. The differential fares intro- 
| duced by the decree of the 20th March, 1866, and 

now operative, instead of the fixed rates of 8, 6, 

and 4 centimes per kilometre, substituted upon the 

bases of those rates a system of reduction, decreas- 
| ing the rates with increased distances. The fares, 
| however, are not so low as they once were, neither 
are they so profitable. The telegraph in Belgium 
is, like the post-office and the principal lines of 
railway, worked by the Government under the 
direction of the Minister of Public Works. The 
tariff established by the State at the onset was cal- 
culated, by dividing the country into three radii, 
zones, or different distances, fixing the rates re- 
spectively at 2f. 50c., and 5f., and 7f. 50c. for 20 
words (2s., 4s., and 6s.). 

As the use of the telegraph increased, the tariff 
was reduced time after time, until the 1st of De- 
| cember, 1865, when the uniform rate of 50 centimes 
(about 5d.) for the whole of the country was intro- 
duced and carried out with great vigor and success, 
Previously to the 1st of December, 1865, the rate 
for simple telegrams of 20 words was 1 franc. 
This was for telegrams of the interior of Belgium. 

The telegraph in Belgium has long since come 
pletely paid off the entire expenses of its first 
establishment. Beyond that it shows, on the Ist 
January, 1869, in the general account, a net profit 
of about 700,000 francs (£28,000).— The Builder. 


pranee Last.—The Pullman Palace Car Com- 

pany is not entirely absorbed by the occupa- 
tion of new lines. Having absorbed the Central 
Transportation Company and thus extended its 
attractions to travellers to a few thousand miles of 
road, and also the Southern Transportation Com- 
pany, which has run its cars on 1,500 miles of road 
in the South and South-east, it introduces a novelty 
which is likely to make travelling by rail for pleas- 
ure more popular and much more desirable than 
it has ever been before. This is done by means 
of a car called a ‘‘ Portable Hotel,” which is fitted 
up in the most elegant manner with state-rooms, 
parlor, and kitchen, so that a small party—about 
twenty—may live in it as in a hotel, having in one 
car just about the accommodations travellers now 
can get only with two, a drawing-room and sleeping 
car and ahotel car. But the novelty is rather ia 
the use of the cars than in their construction. It 
is proposed to let them to parties who will pay for 
them by the day and travel in them where 
they please, and stop as often and as long as they 
please, wherever they please, on any road where 
Pullman cars run—that is, on most of the great 
through routes of the North and East. The rent 
of a car is about $85 a day, and that includes its 
transportation on passenger and express trains, 
and the regular complement of servants, including 
steward, cook, and waiters. The only other ex- 
penses are those for catering. This could be done 
as well as at first-class hotels for $2aday. Thus 
a party of 20 could travel at an expense of $6 a 
day, carrying their hotel with them, living and 
lodging in the car during their halts as well as 
while moving. In this way the civilized world may 
be seen without trouble at comprratively small ex- 
pense. We anticipate for this latest and most 
attractive of Pullman’s inventions a wonderful 
popularity. The first trial is made by Mr. Pull- 
man and a party of his friends, who started last 
Thursday on a tour which is to extend to New 
Orleans, New York, and back to Chicago.— West- 
ern Railway Gazette, 
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ge New Turkish Rarway , undertaking 
be called the Societe Imperiale des Chemins de 
Fer de la Turquie d'Europe, and it will issue 750, 
000 obligations, for which subscriptions will be 
opened on the 15th inst. at Constantinople, Alex- 
andria, Bucharest, Vienna, Berlin, Amsterdam; 
Hamburg, Frankfort, Trieste, Lemberg, Prague, 
Leipsic, Dresden, Munich, Geneva, Berne, Zu- 
rich, Milan, Florence, and Naples. These obliga- 
tions are each for 400f.; bearing interest at the 
rate of 3 per cent. per annum, with the advantage 
of lottery drawings with large prizes six times a 
year, including three of 600,000f. and three of 
300,000f. each, besides many smaller ones. The 
price is fixed at 180f., and the lottery redemptions 
will be at par (400f.). A public issue cannot be 
made either in Paris or London, on account of 
the lottery, but it is is said that the French Goy- 
ernment look upon the operation with much favor 
on account of the political importance of railway 
communication in giving stability to Turkey, and 
this feeling will be shared in England. The works 
are to be commenced at once from each end—the 
frontier of the Austro-Hungarian empire on one 
side, and Constantinople to Adrianople on the 
other. 


WITCHING-ENGINES WITH WATER-TANK FRAMES. — 

In Great Britain and Germany there have re- 
cently been constructed a number of locomotive 
engines for switching purposes, whose chief pe- 
culiarity consists in their having the frames which 
support the boiler and machinery made of 
wrought-iron plates, very much on the same prin- 
ciple that wrought-iron box tubular bridges are 
made. ‘hese frames are made water-tight, and 
are used to carry the water required by the en- 
gine. These engines rest entirely on two small 
driving-wheels placed between the forward part 
of the fire-box and the hind part of the smoke- 
box, and this arrangement of the water-tanks is 
not only compact, but useful in causing an even 
distribution of weight on the driving-wheels, they 
being extended well forward, thus balancing the 
weight of the fire-box. The frames fit closely to 
the boiler, but are so arranged as not to interfere 
with its being lifted out when necessary. 


T Norta-Eastern Rartway oF SwItZEBLAND 

is certainly more successful than most English 
lines, According to the latest published returns, 
it appears that the entire capital raised for the 
construction of the railway and the purchase of 
two branch lines amounts to 66,808,000 f. (£2,672,- 
320) for an entire mileage of 164 miles, the greater 
portion of which—namely, from Aarau to Zurich, 
and thence to the Lake of Constance—has double 
rails. Of the capital, two-fifths was raised by 
ordinary shares, and the remainder by obligations 
bearing a fixed rate of interest, in part guaranteed 
by the various cantons and in part by the company 
itself. In 1868 the gross receipts were £295,269, 
and the net profits, after paying all expenses, 
£167,555. In this, however, are included the 
profits realized by the steamboats of the Lake of 
Constance, which res for nearly £9,000. The 
dividend distributed among the shareholders was 
at the rate of 8 per cent., somewhat in excess of that 
of any previous year. 


HE addition to the railway system of the United 
States during the past year was 6,588 miles, a 
total nearly twice as large as in any previous year. 


is to 





ORDNANCE AND NAVAL NOTES, 


| ee iron ge trade at Hull is in a more 
active condition than for some years, several 
steamers of very large tonnage being in course of 
construction, while others are fitting out in the 
dock. One of the finest steamers ever built at 
Hull has just been completed,—viz., the Orlan- 
do, built by Messrs. C. and W. Earle for Messrs. 
Wilson, Sons, & Company. Messrs. Wilson 
have a contract with the Swedish Government 
for the conveyance of the Swedish mails, and the 
Orlando is intended for that service, and for 
the accommodation of the ever-increasing number 
of tourists to Sweeden. 

The Orlando was put upon her trial trip on 
Friday, and although she was too light to be in 
good trim she steamed about 12} knots an hour. 
She is 260 ft. long, 34 ft. wide, and is 1,400 tons 
gross. She is fitted with compound engines 38 in. 
and 76 in. in diameter, 36 in. stroke, and combi- 
ning all the latest improvements, surface condensa- 
tion, expansion valves, and everything to insure 
economy of fuel and speed. Her engines are of 
250-horse power and indicated on trial 850-horse 
power ; pressure, 60lbs. ; vacuum, 28lbs. ; revolu- 
tions, 5Y. The passenger accommodation on 
board is as follows: Saloon 50 ; second cabin 32 ; 
steerage, or emigrant accommodation, 800. The 
saloon is amidships, the second cabin aft, and the 
accommodation for emigrants on the main and 
lower decks, both of which are lofty and well ven- 
tilated. This excellent provision for passengers 
will make the Orlando one of the most suitable 
vessels afloat for the transport of troops should oc- 
casion arise for her employment in this service.— 
Mechanics’ Magazine. 


iE Prussian Army.—The ‘Revue des Deux 
Mondes” has an article on the state of the 
Prussian forces at the present time. According 
to the writer(who, however, is believed to be not 
the person whose signature is attached to the ar- 
ticle), the Prussian army consists of: First, the 
actual army, numbering on its peace footing 140, 
000 men, but capable of being increased in a few 
days to 220,000. Second, the first ban of the 
Landwehr—cavalry and infantry—composed in 
time of peace of about 3,000 men, the personnel 
only of the various regiments, but numbering on 
the first summons to arms upwards of 150,000 
men. Third, the second ban of the Landwehr, 
numbering about 110,000 soidiers. This last class 
comprises all those who under the old system 
formed the Landsturm, which included all per- 
sons between the ages of 17 and 49 capable of 
bearing arms who are not included in either of the 
preceding categories. It appears, moreover, from 
this article, that while the effective strength of the 
Prussian army has been rapidly increased, its ex- 
penditure has, by the introduction of the short-ser- 
vice system, been considerably diminished, In 1820 
the average cost of each Prussian soldier was 211 
thalers (£31 13s.) ; in 1859, 214 thalers (£32 2s.) ; 
and in 1869, only 196 thalers (£29 8s.) From these 
figures it is evident that Prussia is actually mak- 
ing a considerable profit out of the contingents 
furnished by the various States which make up 
the North German Confederation ; for Article 62 
of the Constitution allots to the Generalissimo ot 
the Forces (the King of Prussia) a round sum of 
225 thalers (£33 15s.), payable out of the revenues 
of each State, for every soldier furnished to the 
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Federal forces, while the number of each contin- 
gent is fixed at one per cent. of the population in 
time of peace. The Federal army, on its peace 
footing for the ensuing year, will consist of 319, 
000 men. 


bie Iron Dux, a magnificent specimen of naval 
architecture, was successfully launched from 
Pembroke yard. This ship is built wholly of 
iron, and she is furthermore armor-plated with 
iron slabs, 8 in, thick, down to the water-line. 
She is a very fine model, and it is fully anticipated 
that she wiil attain the speed estimated—namely, 
134 knots —being propelled by twin-screws, driven 
by first-class engines of 800-horse power, on the 
trunk principle. Her armament will consist of 
fourteen 9 in. guns, twelve tons each, so that tak- 
ing this into consideration, together with her ar- 
mor and the immense speed anticipated from her, 
she will undoubtedly prove a most formidable an- 
tazonist. Her accommodation for officers and 
crew is excellent. The between-decks are about 
10 ft., thus insuring, with other appliances, good 
ventilation. 


_——_ —The experimental brig Novelty, 
constructed simply as iron tank, to hold 
molasses in bulk, which arrived in Boston from 
Matanzas, discharged her cargo of 88,000 gallons, 
by means of pumps and hose, direct into the 
reservoir of a refinery, was refilled with Cochituate 
water, shipped a new crew, got ready for sea, and 
departed within 27 hours from the time of her 
arrival. There is no room, says the New York 
‘‘ Tribune,” to doubt the immense improvement of 


this mode of transporting molasses.—Jron Age. 


HE Russtan Forces.—-The ‘ Invalid,” organ of 

the War Office at St. Petersburg, gives us a 
sketch of the state of the Czar’s forces. This year 
the active Army consists of 726,000'men, or about 
10 per cent. of the population capable of furnish- 
ing recruits, in which are not comprised the people 
of Finland, the Caucasus, Central Asia, parts of 
Siberia, and the Cossacks. The reserve has been 
considerably augmented. In 1865 it numbered 
190,000 men ; in 1866, 333,000 ; in 1867, 410,000 ; 
in 1568, 460,000 ; in 1869, 511,000 ; and in a few 
months’ time it will reach 553,000 men, all, says 
the ‘‘ Invalid,” well drilled! As the strength of 
the reserve on a war footing should only reach to 
430,000 men, the War Minister has a handsome 
surpius in hand, and appears as proud of it asa 
Chancellor of the Exchequer who has managed to 
save a few millions. To this active army and 
reserve must be added the Cossacks, who furnish 
in time of war 133 regiments of cavalry, 24 battal- 
ions, and 200 guns; in all 300,000 men, which is 
very respectable as an additional force, The new 
armament of the Russian Army will be terminated, 
we are told, about the ist April next, when Russia 
will possess 465,000 breech-loaders ; 622,000 being 
on the Krok, 60,000 on the Berdan, and the 
remainder on the Karl and Baranow systems. 
The Navy is armed with Baranow rifles. There 
are manufactories of arms at Zoula, Zjew, Lestro- 
retsk, Tiflis, Warsaw, Kiew, St. Petersburg, etc., 
and in the capital three factories turn out half a 
million of metallic cartridges per diem. All the 
field batteries are furnished with guns on a new 
system, even thoseof the Cossack corps. There 
are more than 1,200 of these pieces, without count- 
ing 90 mitrailleuses, whose number is to be con- 
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siderably augmented. The fortresses possess 1,000 
improved guns, all cast in Russia, with the 
exception of the large pieces from Krupp. Thanks 
to a wise Administration, says the “Invalid,” all 
these changes have been effected in a most 
economical manner, and in the matter of discipline 
there is nothing to complain of. It is well to 
remember, adds the organ of the War-oflice, that 
the law of March, 1869, in admitting sub-officers to 
the schools of ensigns opens up to them the grade 
of officer. No wonder that this immense force 
requires new strategic railways, and a loan to make 
them.—Army and Navy Gazette. 





ENGINEERING STRUCTURES, 


Te Great Unton Depot on Fourtn Avenve, 
New Yors.—The contract for this enormous 
structure has been finally awarded to the Architec- 
tural Iron Works at the foot of Fourteenth street, 
New York. The depot is intended to accommo- 
date the trains of the Harlem, Hudson River, and 
New York Central Railroads. For the latter a 
branch road will be built to connect with the Hur- 
lem, the trains being switched off in the neighbur- 
hood of Spuyten Duyvil. The car-house will 
have accommodations for 12 single trains, while, 
if it be necessary, double or even treble that num- 
ber can be accommodated. 

Photographs of the plans and drawings were 
sent to Kurope for bids, but it was found that 
American foundrymen could more than com- 
pete with any bids received abroad. 

The foundation of this immense structure, to be 
the largest of the kind on this continent, is well 
under way—in fact, nearly completed. The con- 
tract calls for the completion of the entire struc- 
ture within 8 months from its date. If not com- 
pleted within the time specified, the contractor is 
to forfeit and have deducted from the contract 
price $500 a day for every day over; and if com- 
pleted within the time specified, the contractor is 
to receive, in addition to the contract price, the 
sum of $2U0 for each day the work is so comple- 
ted and accepted by the engineer. 

The weight of iron to be used will be over 
8,000,000 Ibs. It will require 100,000 square ft. of 
glass in the roof alone, and 90,000 square ft. of 
galvanized corrugated iron to cover the roof. The 
roof over the car-house will extend over an area 
limited south and west by the office buildings, 
east by the Fourth avenue, and north by a line 30 
ft. 6 im. south of Forty-fifth street. The entire 
length of the roof will be 652 ft., and it will be 199 
ft. 2in. in width between the walls, and supported 
by 32 arched trusses placed 20 ft. 4 in. apart. 
These great arches will be set upon the founda- 
tion, whose upper face is 2 ft. below the surface of 
the ground, rising to an elevation of 94 ft. from 
the springing line to the extrados of the archi. 

The car-house is to be lighted through 3 sky- 
lights extending over the entire Jength of the 
roof—1 on the centre, double pitched, and 2 sin- 
gle ones on each side of the centre. There will be 
7 courses of ventilators running the entire length 
of the roof, faced up with stationary sheet-iron 
slats. On the south end, the segmental portion 
of the arch above the brick wall will be faced with 
cast-iron trimmings and plate glass. 

The north end will be closed with a beautiful 
cast-iron front highly ornamented. The east side, 
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along the Fourth avenue, will be finished with 


cast iron, pilasters acting as casings set in front of 
each truss... These pilasters are to have bases and 
caps, supporting a main cornice along the front, 
and crowned by a ¢ast-iron’ balustrade ; a line of 
balconies will,run, along the, west side and across 
the south end, conneeting. with the offices in the 
second story. The trusses are placed in heavy cast- 
iron shoes, 64 in number, To permit free expan- 
sion and eontraction of the trusses, without inter- 
ference with the side: walls crossed by'them, there 
will be; placed cast-iron boxes or casings. perfo- 


rated by a series of cores apd. fitted together: by:| 


means of bars and angies in such a manner as 
to insulate entirely. the-mason--work from the 
trusses. 

The rafters will, eotisist) of 5-in; deck beams, 
secured to the top chord by double angle iron studs, 
31 by 34 in,, and;stiffenad by diagonal braces: 6 
game size; riveted. together and) fastened on th 
chord by; means;of bent, Jap plates 4 in. thick, and 
riveted to the former,, ; ’ 


The doors and windows will have cast-iron trimy 


mings, all ornamented, the; windows to be. glazed 
with .rongh } in, glass,...The; whole of the north 


front will be of cast-iron, the width, to; be, 203.ft.: 


10 in., and, raised 112 ft,,6. in extreme -hright. 
The windows,and doors of the first. story will have 
rolling shutters. 

The ends of the,structure, will be occupied for 
offices on the first floor, while the ground floor 
will be. set.apart, for. ticket offices, passengers’ 
rooms, baggage lockers, restaurants, news-stands, 
etc, f i 

‘Pennsylvania iron of the best welded quality 
will be used for plates, flat. or square bars. ‘Round 
bars. and .rods for braces. to be of Ulster iron; 
rivets and bolts of charcoal iron... Sheet-iron,, best 
welded and refined, Pennsylvania. Cast,iron mixed 
in the following, proportions, viz.: American pig 
No..1,.and Scotch pig No. 1, 5, per cent. of each 
for shoes, casings, lintels, box, angle, studs, aad 
braces... American, pig No. 1, 10 per. cent., and 
Scotch pig, No.1, 1a per cent., for columns and 
pilasters... American pig No, 1, 15 per cent.,.and 
Scotch pig No.1, 20. per cent., for hanging cor- 
nices, friezes, and. flat prretings. American pig 
No..1, 30 per, cent., and Scotch pig No. 1, 30, per 
cent., for smal], mouldings and ornamented work, 
All relled and welded iron. to, be:subject to a strain 
of 30,000 Lbs. ; 
CBee on 1 


qe TUNNELLING.--A great underground, work 
is the Ernst, August Heller y—-one of five jbe-: 

“ec The: 
mouth, of.it is. at) Gittelda, in Brangwick, . It: is 
10 ft. high, 6} ft. wide, and has. a, fall three-fifths 
of an.inch in 9.yard,.,., Like: a, railway tunnel (but 
it is twice the length of the longest), it was begun 


longing | to, a; metal ,»mime,in; the Hartz. 


uitaneously pt; various, different points, and 
nished,in 18 years. ,..Lhe, gallery is 63 miles in 
direct length; but if its lateral branches are taken 


8 


ipto account, anda subterranean gallery, navigable: 


for: boats, which:.qpens into it, the Ernst. August 
Galleries are said to-be not less than. 15 miles long. 
li the junctions of the. different: sections fit-nccu- 
rately into each.other, the, precision of the results 
haying been partly insured by the aid. of a magnet, 
eighing 200 1bs,, which, influenced. the: co 
through the solid \eock /65, feet deep, and. whieh 
was keptin one of, the working-places, while the 


compass was held inthe other.— The Builder. 


per-sectional.inch.—Scientific. Ameri-. 


N= Suspension Bripce 1x Texas.—The new 
suspension bridge at Waco, Texas, is a work 
| of great importance to the South-west. It is on 
| the main line of travel from Memphis and the Red 

River, through Central Texas, to the Rio Grande. 

It is a suspension bridge of 475 ft. span, 18 ft. 
| wide. The towers are of brick ; the foundations 

are upon rock on on side and quicksand upon the 
| other. 

The iron work was constructed in New York, 
| and the entire amount of wood work was hauled 
80 miles by ox teams, 

A pile-driving machine was improvised by the 
engineer, the hammer being of live oak, banded 
with iron from old wagon axles, 
| \‘The pumping inside of the coffer-dams was done 
| by a force of negroes, using log pumps. 

Waco is about 300 miles from Galveston. The 
engineer is Mr. Thomas M. Griffith. 


CuanneL Brivcr.—Sin: I am tempted to 
trespass on your valuable space in order to 
correct some. misapprehension on this subject, by 
the spirit of impartitlity which has been shown 
by your journal on the subject of the various plans 
proposed for crossing the Channel. You have, I 
‘Believe, expressed an opinion that a bridge, if it 
could be made, would be the best plan, as it would 
be the most natural, and the safest and most 
agreeable for public use. 

It is unfortunate ‘that the exceeding interest 
which attaches to the subject generally, and the 
important character of the steps which have been 
taken towards ascertaining the practicability of 
M. -Boutet's bridge; which Captain Tyler, in his 
report to the Government on the subject, stated 
was the one which had made most progress, have 
led ‘the papers to disctés it before the author is 
prepared to make it public. It has, however, been 
recently stated that his proposal is for a bridge on 
190 piers, costing 30 millions, instead of ‘which it 
is to: have 29 piers only, and to cost but 8 mil- 
lions.. It has also been said that there are no 
English subscribers to it, and that French en- 
gineers deem it unworthy of notice. Iam proud 
to say I am an English subscriber ;’and I was’ 
present at the meeting held in Paris on the com- 
pletion of the 66 ft. model, at which English sub- 
scribers attended, and proxies were produced from 
others who could hot! attend. French engineers 
were there and addressed the meeting, and I met 
afterwards engineers of eminence in Paris who 
spoke favorably of it. Notably General Fair, the 
director of Ecole ‘Polytechnic ‘at Paris; and the’ 

ineer' of the Montmorency Railway; and it 
was stated' by the President ‘at the meeting, Comte 
Cardaillac, who is at the head of one of the de- 
partments of the French Government, that a 
commission .of French Engineers, whom the'Em- 
peror had met to examine the plan for his private 
satisfaétion, had reported favorably upon it, and 
that the Emperor was in consequence ared to 
order ‘a: bridge: of 100 metres to be built ‘on M? 
Boutet’s system; which is‘now'in progress, and 
bids fair. to rival its predecessors in interest and’ 
importance; ‘and be. as great a’ success’ as’ every’ 
other step in this matter has been. The best’ 
proof of this is' that: those who have subscribed 
towards the:work are’ satisfied with the progress’ 


|| which has been made, and look forward with con- 


fidence to;\the successful development of thé 
system which is in contemplation. ; 
M. Boutet has been blamed for not having made’ 
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his plan more public, but I think he is to be com- 
mended for desiring to ascertain first the efficiency 
and powers of his system. Iam, sir, yours, &., 

Lonpon, March 22. Farmpay. 
—Mechanic’s Magazine. 


ee Russian Government is making a very im- 
portant experiment. The Exas now flows into 
the Sea of Aral. It once flowed into the Caspian, 
its old bed being still visible enough to be a fea- 
ture in maps. If it could be brought back, the 
Russians would have an unbroken and impregna- 
ble water communication from the Baltic to the 
heart of Khiva, and, with further improvements 
to Boekh, would, in fact, be able to ship stores at 
Cronstadt for Central Asia, and send them without 
land carriage. The addition to their power would 
be enormous ; and their engineers think it can be 
secured, An energetic officer, with eighteen hun- 
dred men, is already on the south bank of the 
Caspian ; the natives are reported friendly, and 
the Russian Government has the means, through 
its penal regiments, of employing forced labor on 
a great scale. 


iwe WaTER Suppiy or SypNey.—The commission 
appointed to inquire into the best means of 
supplying Sydney and its suburbs with water, 
have lately submitted their report to Parlia- 
ment. Their labors have extended over a 
— of two years. In their report they 
ave given the outlines of a scheme which seem- 
ed to them, on the whole, to be superior to all 
others examined, and they therefore agreed to 
recommend its adoption—the scheme, namely, of 
bringing down the waters of the higher affluents 
of the river Nepean by gravitation. The catch- 
ment area is 354 square miles in extent, the rivers 
that drain the selected district take their rise 
mostly in swampy flats between 1,200 and 1,600 ft. 
above the sea; but at the confluence of the Cor- 
beaux with the Nepean, where it is proposed to 
make the first interception of the waters, the 
height is 430 ft. In regard to extent of surface, 
purity of water, freedom from sources of contami- 
nation, want of value in the lands for other pur- 
poses, and altitude above the sea, the commission 
consider that there is in this scheme all that can 
be desired; the great drawback is the distance 
from Sydney (63 miles measured along the pro- 
posed conduit), which, though not important in 
an engineering point of view, will necessarily be a 
source of great expense. Instead of constructing 
dams, it is proposed to construct one large reser- 
voir apart from the river, where they would not be 
subject to floods. Gapd sites for reservoirs have 
been found near Prospect, 21 miles from Sydney. 
It is proposed to convey the waters to Prospect by 
means of canals, tunnels, and raised aqueducts. 
Two methods for bringing the water from Prospect 
to Sydney have been considered by the commis. 
sion. First, a high level scheme, by which the 
water would be impounded at a maximum height 
of 260 ft., in a large reservoir, with a possible ad- 
ditional height of 20 ft. by means of a small reser- 
voir higher up—the water to be brought down to 
Sydney (a distance of 21 miles) in pipes, And, 
second, a low level scheme, by which a larger body 
of water would be impounded at a maximum 
height of 195 ft., and be brought to Sydney by 8 
miles of open conduit, and 13 miles of pipes. It 
was estimated that the high level scheme would 
cost £1,046,846, and the low level, £790,029. After 








prolonged deliberation the commission agreed to 
recommend the low service scheme for adoption. 
In concluding their able report (which was a very 
lengthy one) the commission point out reasons for 
believing that costly as the work would be, it might 
be made productive.— The Artizan. 





NEW BOOKS. 


| ge ey OF THE-StEAM Enarnr, containing 
all the rules required for the right construc- 
tion and easy management of engines of every 
class, with the easy arithmetical solution of those 
rules. Constituting a key to the Catechism of the 
Steam-Engine. [Illustrated by sixty-seven wood- 
cuts and numerous tables and examples. By 
Joun Bourne, C. E. New edition. Philadelphia: 
J. B. Lippincott & Co. For sale by Van Nostrand. 

That this excellent work has reached a third 
edition is some evidence that its merits are appre- 
ciated, and that it supplies a want among rising 
engineers. 

Young mechanics find in it an efficient supple- 
ment to the theoretic knowledge obtained at the 
day or night school. 

ctical engineers use it as a good compendium 
of the rules for engine construction and manage- 
ment. 


C YCLOPZDIC Scrence SrmpuiFriep. By J. H. Per- 

PER, Professor of Chemistry in the Royal 
Polytechnic Institution. London: Frederick 
Warne & Co. New York; Scribner, Welford & 
Co. For sale by Van Nostrand. 

This is, without doubt. the most complete com- 
pendium of experiments in physical science, in the 
English language. 

The several divisions of the work are given 
under the heads of; light, heat, electricity, magnet- 
ism, pneumatics, acoustics, and chemistry. 

There are 540 illustrations, many of which, illus- 
trating lecture-room manipulations, are so skilfully 
designed as almost to render the descriptive text 
unnecessary. 


. Manvat or QuaxiTaTIvVe ANALYsIS. By Ropert 
Gatioway, F. C. §., Professor of Applied 
Chemistry in the Royal College of Science for 
Ireland. Fifth Edition. London: John Churchill 
& Sons. 1870. For sale by Van Nostrand. 

This treatise on chemical analysis, through the 
care of its author to make it accurate and to adapt 
it to the wants of the earnest student, has long 
been established as one of the best in our language. 
It was at one time a distinguishing character of 
this work, that in it the art of chemical analysis 
is taught by first giving appropriate exercises, and 
then helping the student to deduce from these the 
principles and rules of the art. In other treatises, 
the student was first carried through a sort of 


grammar, and then taught the application of this 


to the execution of the purposes of the art. Now, 
however, Professor Galloway’s Qualitative Analysis 
does not possess this distinctive character, for the 
simple reason that in most of its fellow-treatises 
the same principle has been more or less fully 
adopted, though in none so thoroughly as in it. 
In its present edition it forms a much more 
comprehensive work than in the previous ones. 
As it now stands, it includes, besides other matter, 
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a very full descriptive account of the more im- 
portant and best-known substances, in which 
their chemical properties are compared and con. 
trasted in a very useful manner. And it seems to 
us, after an examination of its pages, that no 
method of learning chemistry would prove 50 suc- 
cessful as that of working out such a practical 
course as that laid down in it, and at the same 
time attending a few lectures on the doctrines of 
the science. 

In addition to the account of salts and acids, 
together with their radicals, to be expected in 
such a work, descriptions, to be verified by experi- 
ment, are given of almost every ‘‘ organic” sub- 
stance of interest in medicine, physiology, toxi- 
cology, and the arts. The action of heat upon 
substances as a means of ascertaining their nature 
is elaborately detailed, the author availing him- 
self of the papers of Bunsen and Merz upon the 
use of the Bunsen lamp as an instrument of 
analysis. 

In the present edition Professor Galloway has 
adopted the modern notation and nomenclature, 
and, what is of more importance in a work on 
practical chemistry, he has added many tests to 
those given in the fourth edition. We consider it 
an omission of the author, and we have observed 
20 other worth notice, not to have given an ac- 
count of Bunsen’s admirable, quick, and thorough 
filtering apparatus. Probably he thought it 
adapted for quantitative rather than for qualitative 
experiments ; but, if so, we are hardly prepared 
to agree with him. Of all things most calculated 
to dishearten the student of qualitative analysis, 
the filtration and washing of slimy precipitates 
rank first, and therefore, to deprive them of their 
tedious character is to confer a very great boon on 
the student, and to favor the cultivation of chem- 
istry itself._-From Scientific Opinion. 


A New System or VENTILATION. By Henry A. 

Gover. 8vo,176 pp. New York: D. Van 
Nostrand, 1870, 

It is related of Faraday that he one day tried 
some experiments on the purity of the Thames 
water in London, by sinking bits of white paper. 
The next day he wrote a letter on the subject to 
the London ‘‘ Times.” This letter had more to 
do in calling attention to the dangerous sewage 
system of the city than anything that had appeared 
from any other source, and eventually led to the 
expenditure of millions of dollars in the construc- 
tion of the great Thames embankment, for recti- 
fying the evil. We wanta second Faraday to arise 
in this country, and warn the people of the danger 
of neglect of ventilation. The author of the book, 
the title of which we have pt given, shows how 
necessary fresh air is to health, and he gives start- 
ling examples of the ill consequences of a neglect 
of the rules upon thissubject. He has a somewhat 
original way of presenting his claims, but if he can 
accomplish his object he will be doing a good work. 
The quotations from some of our most distinguish- 
ed writers are much to the point, and add to the 
interest of the book.—Journal of Applied Chem- 
istry. 


IBLIOTHEQUE DES MrerveEruiEs, Paris: L. Hach- 
ette & Co. For sale by Van Nostrand. In 
reviewing yarious English translations from French 
authors, that have of late been introduced among 


us, we have had occasion to refer to MM. Hachette, | 
of Paris, as being the most useful and elegant of ' 





French publishers in the special branch of litera- 
ture we are now alluding to. Such works as *‘ La 
vie Souterraine, Les Voyages Aériens”, and others 
of the same class, are invaluable for the amount of 
information they contain, and the manner in which 
it is arranged for the capacity of the general reader. 
It is certain that ,accurate and artistic engravings 
convey more to many minds than a simple descrip- 
tion, while no amount of technical language will 
be satisfactory to the uninitiated reader; a few 
strokes with the pencil often do better service than 
much hard labor with the pen, and information 
thus conveyed being more striking, is retained 
longer in the memory, than much technical 
description. In working upon this system, MM. 
Hachette have spared no pains in making their 
educational works perfect, and while such volumes 
as we have mentioned cannot, from their high 
cost, command a universal sale, a valuable and 
cheap series under the general title of ‘‘ Biblio- 
théque des Merveilles,” is in course of issue by the 
same publishers, which within narrower limits pur- 
sues the same object. Such is ‘‘ Les Chemins de 
Fer,” by M. A. Guillemin, a carefully written hand- 
book, fully illustrated with drawings, which range 
from @ navvy’s pick and spade, to locomotives and 
rolling stock details, the object in view being to 
bring graphically before the reader, the nature of 
all necessary works, and the mode of carrying them 
out. Itis not urged that sucha work will be found 
of great service to the engineer, but it forms rather 
a means by which every one can make themselves 
acquainted with a subject of which they are gene- 
rally ignorant. 

Of the same nature is ‘‘ L’Acoustique,” a com- 
plete elementary text-book on the phenomena of 
sound, philosophical and historical, written 
throughout ina pleasant easy style. In addition 
to these we may add *‘La Fond de la Mer,” ‘‘ Les 
Armes et les Armures,” by P. Lacomte, ‘‘ Les As- 
censions Célébres, L’Eau,” by M. Tisandier, and 
‘* L’Electricété,” by M. J. Baillie. Such are a 
few volumes of the Library of Wonders of MM. 
Hachette, and we are glad to know that most of 
them are being reproduced here for the benefit of 
English readers. For the present we may content 
ourselver with this brief notice of the series, feel- 
ing assured that the publishers have conferred an 
international benefit in their production.— Engineer- 
ing. 


mE ELemexnts oF BuriprnG, ConsTRUCTION, AND 
ArcHiTEcTURAL Drawirsc. With one hun- 
dred and thirty-three illustrations drawn on wood 
by the author. By Exzis A. Davison, Science 
and Art Lecturer in the City of London Middle 
Class Schools, etc. London and New York : Cas- 
sell, Petter & Galpin. For sale by Van Nostrand. 
This handy little volume is the third of a series 
of excellent technical annuals by the same author, 
which Messrs. Cassell have lately issued for the 
use of the student and the artisan. Although the 
book consists of but 120 small octavo pages, it con- 
tains a much greater amount of useful information 
relating to the subjects of which it treats than a 
works of far greater pretensions—a result whic 
Mr. Davidson has attained by carefully avoiding 
all verbosity, and occupying the space at his dis- 
posal solely with clearly stated facts. Commencing 
with a chapter on the drawings required for build- 
ing purposes, our author next treats of the general 
principles of building, construction, of foundations, 
natural and artificial, and of coffer-dams, caissons, 
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and similar appliances. Then come chapters on 
masonry and on brickwork, and these are followed 
by others on drawing for bricklayers ; on wood- 
works; on the construction of roofs and floors; on 
partitions; on joinery; and on fire-proof construc- 
tion. The information given on all these matters 
is excellent, the clearly written text being render- 
ed still more clear by the numerous wood-cuts by 
which it is interspersed. This little manual is, in 
fact, the best work of the kind which we have seen, 
and in heartily recommending it to the classes for 
whom it was written, we may express a wish to see 
many other such books from the same pen.— 
Engineering. 


‘or ScrencE or Burtprvc. An elementary trea- 
tise on the principles of construction, espe- 
cially adapted to the requirements of architectural 
students. By E. Wynpuam Tarn, M. A. Lon- 
don: Lockwood & Co. For sale by Van Nos- 
trand. 

The separate chapters treat of— 
Mechanical principles, 
Retaining walls. 
Arches and cupolas. 
Building stones. 
Timber. 
Tron, 
Water in vessels and pipes. 

A scientific treatise, presenting topics of an ad- 
vanced grade of technical art, but involving no 
higher mathematics than geometry and algebra, 


By Dr. C. 
Remicivs Fresenius. Seventh Edition. Edit- 
by ArrHur Vacuer. London: John Churchill 
& Sons. 1870. For sale by Van Nostrand. 
We doubt very much that an English chemist | 
will be found in the present state of things who | 
can write a work on chemical analysis equalling, | 
both in exactness and minuteness of detail and in | 
the originality of its contents, that which can be 
written byaGerman. At least in Germany we find | 
chemists who are both able and willing to devote 
a lifetime to the developing and perfecting pro- | 
cesses for the detection and quantitative estimation 
of substances, and are not very likely to find such 
men in England. We are led to express this opin- 
ion by having before us the new English editions 
of the two volumes of Fresenius on ‘‘ Chemical 
Analysis.” The Wiesbaden Professor is a pre- 
eminent instance of one who has devoted a lifetime 
to the object we have indicated. He has raised in 
these works monuments to the vast assistance he 
has afforded to other chemists in their labors, 
which will remain long after him, but which can 
never bring him that renown that an equal appli- 
cation of his abilities and time to other branches 
of his science would have done. 
The treatises on Qualitative and Quantitative | 
Analysis by Fresenius have for a great number of 
years been familiar to English students and teach- 
ers of chemistry in the excellent translations of | 
Mr. Lloyd Bullock. They are now given to us by 
the hands of Mr. Arthur Vacher, who has not mere- | 
ly reproduced the substance of them, but has freely | 
availed himself of his editorial capacity to make | 
se modifications as he deemed improvements in | 
them. | 
We cannot epitomize more briefly than the | 
editor has done the differences between the sixth 
edition of the ‘Qualitative Analysis” and the 
seventh ; 
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“ Several improvements, necessitated by the pro- 
gress of discovery, have been introduced by the 
author ; and I have specially striven to meet the 
wants of English students. The language has been 
condensed, the notation and nomenclature have 
been modernized, the arrangement has been simpli- 
fied. The consideration of rare inorganic bodies 
and of organic bodies has been deferred to the latter 
part of the volume, where a section has been de- 
voted to each. The grouping of the metals has 
been harmonized with-the course of analysis. The 
course of analysis has been simplified in descrip- 
tion, and the preliminary examination has been 
curtailed. Analytical tables have been added at 
the end, which include the preliminary examination 
and the detection of metals in soluble mixtures.” 

The improvement is material in the arrangement 


| for the analysis of mixtures of salts, most of the 


tiresome references to other pages having been 
avoided. 

The section on the detection of the alkaloids 
continues to be an extremely valuable part of the 
work.— From Scientific Opinion. 


™ Szconp Course oF OrTHOGRAPHIC ProsEc- 

TION ; being a continuation of the new method 
of teaching the science of mechanical and engi- 
neering drawing ; with some practical remarks on 
the teeth of wheels, the projection of shadows, 
principles of shading, and drawing from ma- 
chinery. With numerous illustrations. By Wu- 
t1aM Binns, Assoc, Inst. C. E. London: E. & F. 
N. Spon, Charing-cross. 1869. For sale by Van 
Nostrand. 

After an interval of some years, Mr. Binns has 
supplemented his Elementary Treatise on Ortho- 
graphic Projection with a second volume, in which 
he kas compressed the pith of the lectures 
delivered by him at the late College for Civil Engi- 
neers, Putney, and at the Department of Science 
and Art, Kensington. In this second course of 
Orthographic Projection, he has propounded the 
importance of establishing a uniform system for 
the formation of the teeth of wheels, and having 
compared the various methods now in use, and 
slightly altered that which is considered the best 
among them, he hopes his improvement will be 


| recognized and universally adopted, so that for 


the future there may be but one form. As mat- 
ters now stand in this department of mechanical 
engineering, two wheels of any given pitch 
obtained from different makers will not work 
together, because every maker has a formula of his 
own for the shape of the teeth, which he believes 
to be the best, but which, as we have remarked, 
prevents his wheels from working with those ob- 
tained from any other firm. After describing the 
methods pursued by various engineers, including 
that obtained by the use of the odontograph, he 
lays down a plan, by the adoption of which the 
inconveniences attending the present diversity of 
rules might be done away with. He proposes : 

‘1, That there shall be a generating circle for 
every pitch, and that the pitch be stamped or 
otherwise marked on each ‘scriber,’ or generating 
circle. 

**2. That the diameter of each generating circle 
be equal to the radius of the least wheel of the set. 

‘*3. That the number of teeth assigned to the 
least wheel be fourteen for all sets of wheels for 
mill gearing.” 

The proposal of a universal epicycloidal system 
has been made before now, but from the fact of a 
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want of sufficiently definite terms it fell to the | 
ground. The diameter of the scriber, for in- 

stance, was left to the judgment of each maker. 

Mr. Binns’s more precisely stated proposal is likely | 
to be useful, To those in want of plain instruc- 

tions on orthographic projection, we commend the | 
work, generally. The author, we perceive, par- | 
ticularly recommends to pattern-makers the sec- 
tion of it we first mentioned.-— The Builder. 


MAnvat OF THE CHEMICAL EXAMINATION OF THE 
Urine 1n Disease ; with brief directions for 

the examination ot the most common varieties of 
Urinary VCalculi. By Austin Fuint, Jr., M.D., 
Professor in Bellevue Hospital Medical College. 
12mo., pp.76. New York: D. Appleton & Co., 1870. 

This is a handy book for the use of physicians 
who may be called upon to make tests of urine. 
There is a list of all the reagents and apparatus 
required, end the latest methods both for qualita- 
tive and quantitative analysis of urine are con- 
cisely stated. The tables will be found convenient, 
and as they are printed on a separate sheet at the 
end of the book, they can be cut out and framed 
for immediate reference. The book is illustrated 
by good wood-cuts of apparatus, thus greatly 
adding to its value. We do not know of any work 
in English so complete and handy as the manual 
now offered to the profession by Dr. Flint, and the 
high scientific reputation of the author is a suffi- 
cient guarantee of the accuracy of all the direc- 
tions given.—Journal of Applied Chemistry. 


byge a ScrenTiFiQuEs, Drcovuverts, ET IN- 


VENTIONS, PROGRES DE LA ScIENCE ET DE 
L'INDUSTRIE, ETC. Par Henri pE Parvin1e. J. 
Rothschild, Paris. 12mo., with illustrations. For 
sale by Van Nostrand. 

The ninth volume of M. de Parville’s annual 
record of scientific and industrial novelties, al- 
ways a welcome publication, not only on account 
of the matter itself, but also of the lucidity of the 
style, the liberality with which the text is illus- 
trated by practical diagrams, as well as picturesque 
illustrations, and the clear type. 

Amongst the most remarkable articles in the 
present volume, are those on the Health of Towns 
and the Utilization of Sewage; Military Art, includ- 
ing a discussion of a Moncrieff's invention, 
with account of a similar system tried in the com- 
mencement of the present century; Tromee’s 
Electric Sound for finding Bullets in Wemats ; An 
account of the very remarkable researches of M. 
Marey, of the College of France, on the Flying 
Mechanism of Birds and Insects ; On the powers 
of the Picrates and other Explosive Substances ; 
And an account of the Formation of the Suez 
Canal, with engravings of the machinery em- 





ployed, and a panoramic view of the isthmus. 
Our young readers, who desire to keep up or 

improve their French, will find M. de Parville’s 

well-written and handy volumes valuable. 


RINCIPLES AND CONSTRUCTION OF MACHINERY : a 
Practical Treatise for Students, Engineers, 
and Practical Mechanics. By Francis Campin. 





C.E. London : Atchley & Co., Great Russell street. 
For Sale by Van Nostrand. 

A past president of the Civil and Mechanical | 
Engineers’ Society, as Mr. Campin is, cannot but | 
be a fitting and competent writer on the princi- 

les and construction of machinery. Mr. Campin 
Site treats of the laws of the transmission of 


power, and of the strength and proportions of the 
various elements of prime movers, mill work, and 
machinery generally. The work is the substance 
of a carefully revised digest of the author’s oral 
instructions as a teacher in training pupils. He 
has aimed at setting forth fully the laws of con- 
struction in reference to strength of parts, while 
stripping the subject of much cumbrous matter 
with which it has heretofore been loaded. He 
teaches not only why a given machine produces a 
certain effect, but also how practically to make it. 
-—The Builder. 


RAITE DE TopocrapuHiz. Par E. Mags. Librai- 
rie Militaire. Paris. For sale by Van Nos- 
trand. 

This is a well-printed volume, royal octavo, of 
330 pages, containing, besides instructions in the 
methods of ‘ surveying” and “levelling,” com- 
plete and minute directions for mapping, redu- 
cing plans, and finally, photo-lithographing the 


maps. : 

A folio volume of thirty plates accompanies the 
text. 

The surveying methods described are designed 
for military engineers, but afford excellent sugges- 
tions for railway engineers while making recon- 
naissances. 


Manvat or Zoo.ocy For THE Use or STupENTs. 
By Henry Aueyne Nicnoxson. Vol. 1., In- 
vetebrate Animals. London: Robert Hardwicke. 
This work is well designed for thoreughly scien- 
tific instruction. The classifications are com- 
pletely set forth, and the latest views and discov- 
eries are noted. . 
The illustrations are abundant, although not 
elegant. 
Volume 2 is not yet at hand. 





MISCELLANEOUS. , 


TR JosEPH WHITWORTH ON SrrREET TRAMWAYS 
AND Roap-makinc.—The use of horse tram- 
ways is being urgently pressed forward, and a 
large outlay is contemplated. In Sir Joseph Whit- 
worth’s opinion, however, they are not suited to 
the present times, and mechanical engineers have 
a right to enter their protest, considering the many 
obstructions there have been for many years past to 
the employment of road locomotives. If toll gates 
were abolished, and each county had an organized 
staff for making and keeping the roads in good 
order, using the steam roller, steam sweeping 
machine, and other necessary appliances, where 
there is a large traffic, mechanical engineers 
would then, Sir Joseph has no doubt, soon pro- 
duce a small light locomotive that would do its 
werk quietly and most effectually; at the same 
time, pedestrians and those who ride and drive 
would have the great enjoyment of ie and clean 
roads, instead of the present badly paved and 
rough macadam roads. The broken stones of the 
latter are now left for the horses’ feet and narrow 
wheels to consolidate: in a way which is quite dis- 
tressing to see. The consumption of fuel per 
horse power is now so small, that road locomotives 
could be employed at far less expense than the 
over-worked and ill-conditioned horses we now see, 
while pedestrians and those who keep animals for 
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pleasure would have good roads, and many gentle- 
men, no doubt, would have their well-made loco- 
motives, Under any circumstances, good clean 
roads are the most profitable when everything 1s 
taken into account; but unfortunately those who 
make and repair them generally consider only one 
side of the question.— Zhe Building News. 


mE SEwaGE QuesTIon—Leex.—The clean and 
good-looking little town of Leek promises to 
become, in vital statistics, a model town to the 
country. The sewerage works have been in exist- 





ence nine years. The beneficial results have been 
great. The annual number of deaths in the de- 
cade ending in 1860 was 29 to the 1,000 ; during | 
the last decade it was 24 ; and the average ages of 

the dead have risen from 24.8 to 32.5. Thus the | 
average duration of life has been prolonged by | 
nearly one-third. 422 persons are now alive in 
Leek, who, had the ratio of deaths in the first de- 
cade continued, would now have been dead. Those | 
who died during the last decade lived, in the ag- 
gregate, 16,309 years longer than they would had | 
the average age at death during the previous de- 
cade been continued. Had no sanitary improve- 
ments been made, many would have been widows | 
and orphans whose husbands and parents are now 

living. There has been a corresponding decrease 

in sickness, the money savings of which, reckon- 

ing each case at five shillings a week for 50,752 

weeks, amounts to £12,668. Of the sickness pre- 

vented 16,917 weeks are saved to the workers be- 

tween 15 and 55 years of age, being a saving of 
£6,343 11s. 6d., even though a man’s wages were 

only 10s, and a woman’s 5s. per week. The 

funeral expenses saved, at £5 each, amounted to 

£2,460. The direct money saving was £21,491 

17s. 6d., not to speak of the unspeakable advan- 

tages of every kind from improved health and 

prolonged life. Thus the drainage of a town not 

only benefits the owners of property, it benefits 

the poor above all persons.— The Builder. 


OREIGN TELEGRAPHIC News. — Advices from 
Yokohama, Japan, to the 24th January, state 
that the new telegraph line between Jeddo and 
Yokohama has been completed—the first message 
having been sent over the wires January 7th. The 
line will be thrown open to mercantile purposes 
very soon. 

After a lapse of some years efforts appear to 
have been successfully made for re-establishing 
direct communication between England and the 
Channel Islands. The Jersey and Guernsey Tele- 
graph Company propose to lay a new cable bya 
shorter route than the one previously adopted, 
more advantageous in every respect ; and they also 
propose to use a much stronger and more suitable 
cable than the one previously laid over the longer 
route, and which proved an expensive failure. The 
new cable will be laid from a point near the Start 
across to Guernsey, and from thence to Jersey. 
The longest length of the cable required by the 
———- can be laid in one day ; and as the great- 
est depth of water will not exceed 7U fathoms, any 
repairs that may be required can be quickly made. 
The cable has been contracted for, to be manufac- 
tured and laid within a short period, for the sum 
of £25,000 ; and a further agreement has been made 
with the manufacturers, who will, for the sum of 
£1,000 per annum, maintain the cable in perfect 





working order for 5 years. 
To avoid the liability to interruption of the land ! 


line of 600 miles in length across the Island of 
Cuba, in completing the connection between the 
cables of the International Ocean Telegraph Com- 
pany and the extensions to Jamaica and Panama, 
the Cuba Submarine Telegraph Company has been 
organized, with an exclusive concession for 40 
years, for laying a Submarine Cable from Santiago 
de Cuba—the landing place of the Jamaica Cable, 
at the southeastern extremity of Cuba—to Bata- 
banos ; from thence a land line will be erected 
along the railway across the Island to Havana, a 
distance of about 30 miles; there it will join the 
cable to the United States. The length of the 
cable will be 540 miles, and will be manufactured 
and submerged by the India Rubber, Gutta Percha 
and Telegraph Works Company, for the sum of 
£147,000, and is to be of the same efficient descrip- 
tion as that made for the International Ocean Tele- 


| graph Company and for the West India Company. 
| The directors state that it is expected that the 


cable will be laid within the next four months— 


| arrangements having been made with the contrac- 


tors for its manufacture and simultaneous ship- 


| ment with the first portion of the West India and 
| Panama Company’s cable at the end of March next, 


so as to connect, without delay, the terminus of 
that company’s line with those of the International 
Ocean Telegraph Company.— The Telegrapher. 


| on IcE-MAKING IN THE SovurH.—An en- 
terprising citizen of Columbia, 8. C., has or- 
dered an ammonia ice-machine from Europe, which 
is to turn out 1,000 lbs. of ice an hour. It is ex- 
pected to cost $9,000, besides freight from Halle 
to Columbia, which is several hundred dollars 
more, It is to be operated by a steam engine of 
3-horse power. The machine ordered is the largest 
made by the German manufacturers, who have 5 
sizes, as follows: First, the one just mentioned ; 
secondly, one costing $6,000, requirirg a one-horse 
power steam-engine, and turning out 400 lbs. of 
ice an hour; thirdly, one costing $4,000 worked 
by hand, and turning out 200 Ibs. of ice an hour ; 
fourthly, one costing $2,700, worked also by hand, 
and turning out 100 Ibs. of ice every hour; and 
fifthly, one which is the smallest size built by the 
firm, costing £1,500, worked by hand, and turning 
out 50 lbs. of ice every hour. The cost of manu- 
facture, including labor and material, and using 
the largest machine, is estimated at 9 cents for 100 
lbs. of ice, Last summer the regular price of ice 
in Columbia was 24 cents a |b., and ut retail 3 
cents. A firm in Mobile is also said to be about 
to engage in the manufacture of ice the coming 
summer, 


i Tre.eGcrapuy.—The London ‘ Times,” in 
an article on Ocean Telegraphy, says it is cal- 
culated that on an average a commercial message 


consists of 30 words. Sixteen words per minute 
is the rate at which a message can be transmitted 
and received by skilful operators, so that 30 mes- 
sages can be sentinan hour. On account of the 
differences of time between distant parts of the 
earth, there can be no division of the 24 hours into 
day and night, and ocean cables must be worked 
continuously by relays of clerks. Still, in order 
to allow for the intervals between the conclusion 
of one message and the commencement of an- 
other, the day is considered to consist of only 20 
hours ; in which, therefore, 600 messages can be 
sent or received. At the present rate charged 
across the Atlantic these 600 messages of 30 words 
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each would bring in a return of £2,700 ; and thus, 
allowing 300 working days in the year, a single 
cable to America might earn a possible annual 
revenue of £710,000. 

The business done already shows that the com- 
merce between two centres of activity will pay for 
telegrams at a rate which will not only render 
the wires very remunerative property, but must 
also speedily lead to the adoption of such lower 
charges as will enable the system to be employed 
far more generally than it is at present. Indeed, 
when the returns from the lines have paid the 
original cost, and left a reserve fund for repair or 
replacement, there is no reason why business 
should not be done at exceedingly low rates, and 
so as to draw to the cable ordinary messages of 
domestic news, now consigned to the mails only. 
The entire length of ocean cables laid and in pro- 
gress, excluding short lines, is 20,961 miles, and 
the capital stock engaged is £6,925,000. 

England is at present dependent on Russia for 
telegraphic communication with India, and it 
happens in this wise: Russia constructed a line 
to her army in the Caucasus. This cost largely 
for maintenance, and the bright idea occurred that 
if the line could only be extended to India, the 
expense of its maintcnance could be placed upon 
the broad shoulders of British commerce. The 
line was then construct2d by the English from the 
termination of the Russian one, by way of Teheran 
and Tabreez to Bushire, and so through the Per- 
sian Gulf to Kurrachee. It was agreed that this 
line should pay a royalty of 40 per cent. on its re- 
ceipts for the privilege of working through the 
Russian wires, and the result has been aot only 
the dependence of Anglo-Indian telegraphy upon 
a foreign power, but also that British subjects 
have paid for the maintenance of the Russian line 
to the Caucasus, and that the Persian line, thus 
‘burdened, has returned to its British proprietors 
the modest dividend of 1.3 per cent. 

Another Russian military line is across Siberia 
and Tartary, and on to this has been ‘‘tailed” a 
line to Posietta, on the Japanese Sea, whereon a 
company, ‘‘ nominally Vanish,” is to lay a cable to 
Japan and to the Chinese ports. So Russia abso- 
lutely contrives to have the English business from 
China pass over her wires. The London ‘‘ Times” 
does not like this, and so urges the completion of 
ocean lines, to take the place of these overland.— 
The Telegrapher. 


om Paciric TeLrGraPH.—The Committee 
on Commerce has reported without amend- 
ments the bill to encourage telegraphic communi- 
cation between the eastern and western hemis- 
heres, or, in other words, the Pacific Cable Bill. 
he Bill provides that the starting-point for the 
cable shall be south of Cape San Juan, in Wash- 
ington Territory. The line which the American 
and Asiatic Telegraph Company originally esti- 
mated, and to which substantially, we presume, 
they still adhere, was about 5.000 miles long. 
But the islands of the Pacific offer a great advan- 
tage in breaking this long line; and in this re- 
pect the enterprise is less hazardous, so far as the 
establishment of the line is increased, than its 
Atlantic predecessors, The distance from San 
Francisco to Cape San Juan, in Washington Ter- 
tory is 700 miles, and this part of the line is already 
made. There begins the ocean cable proper, 
which, proceeding north-westerly, finds its first 
station at Sitka, a distance of 630 miles, Thence, 





proceeding due west 500 miles, it touches Kodiak, 
where we have, or lately had, a military post. 
Thence, stretching south-westerly along the pe- 
ninsula and the Aleutian group of islands 450 
miles, it touches Oonalaska. From that point it 
leaves American islands behind, and 660 miles to 
the west reaches the island of Attou, and with 660 
more, Urup, the latter on the Asiatic shore. An- 
other stretch of 300 miles carries it to Hakodadi, 
in Japan, where its mission proper as an ocean 
cable may be said to end. But with a northerly 
move of 200 miles, it reaches Poseyat, where, on 
the mainland of Asia, it will connect with a branch, 
already built, of that great Russian overland route 
which continues to the mouth of the Amoor River. 
From Poseyat a southerly trend of 650 miles (also 
submarine) carries the cable to Nagasaki, whence 
an easterly branch may continue 600 miles to 
Yokohama, and a westerly one of 450 to Shanghai, 
the latter to connect with the East India Tele- 
graph Company's line, so encircling the globe. 
These were the stations, we say, and these the 
distances estimated a year or more ago, and if they 
have been, or shall be slightly changed, it can 
only be in the way of improvement. Even as they 
are, it is clear that no distance between adjacent 
points in the long line is greater than 700 miles, 
which is a trifle in ocean telegraphy. And, again, it 
is clear that the strict trans-Pacific course—say from 
San Juan to Hakodadi, is 3,190 milesin length, while 
that from Sitka to Japan is only 2,490. Itis evident 
that the project is perfectly practicable, and that 
it need not be long before we have daily news 
here in New York from Japan and China, as we 
have it now from England and California.—New 
York Times. 


EEDING Sream Borters.—A recent English in- 
vention for feeding steam boilers or genera- 
tors with water by the use of an automatic appa- 
ratus, consists of a heating or boiling close vessel, 
into which the supply water is filled either hot 
or cold, by the mere flow or slight head of gravita- 
tion supply (without the necessity of a pump or 
other forcing apparatus) intermittently by a re- 
verse siphon construction of pipe, with a regula- 
ting-valve open or allowed to open by a float fall- 
ing when the water is low in the boiler or genera- 
tor, and the force of the inlet water through the 
siphon and valve, until the feeding vessel is full, 
or nearly so, the water being then heated within 
the feeding vessel until the steam rises above or 
equal to the pressure of the steam within the boil- 
er or generator, when the water would then flow or 
gravitate into its water-space through a pipe and 
valve connecting the lower part of the feeding 
vessel therewith. 


| gees Cuurcu.—There is said to be a 
papier-maché church actually existing near 
Bergen, Germany, which can contain nearly 1,000 

ersons. It is circular within, octagonal without. 
The relievos outside, and statues within, the roof, 
the ceiling, the Corinthian capitals, are all papier- 
maché, veneered waterproof by a saturation in 
vitriol, lime water, whey, or the whites of eggs.— 
Builder. 


I" is found that a sheet of ice 32 in. thick affords 
a perfectly safe passage for infantry or horses, 
a y passag 


mare ing in single file, and for light carriages ; 
with a thickness of 6 in. it will bear all sorts of 
wagons and cannon. 











